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Figure 42 Photomicrograph of a dead, encapsulated,

and apparently unencysted metacercaria

of Apatemon gracilis on the viscera of n

trout. Note outer host capsule (arrowed),

and parasite (dark inner mass). Bar

represents approximately 200~m.

Figure 43 Photomicrograph of t\lO normal cys ts of

Apatemon gracilis on the viscera of a

trout. Note host capsule (arrowed) and

parasite cyst. Bar represents

approximately 200~m.

Figure 44 PhotomicrogrAph of an encapsulated

Apatemon grDcilis cyst from the vitrecus

humour of a perch eye. Note flbrous

host capsule (arrowed) and enclosed cyst.

Bar represents approximately 200~m.

key to abbreviations on page xi
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Figure 45 Diagram of the gross morphology of a

metacercaria of the subgenus'Diplostomum.

Ventral view. The main ducts of the

reserve excretory system, and a few calcareous

bodies are shown. The connection between

the primary and reserve excretory systems is

arrowed. The bar represents approximately

50 p,M.

key to abbreviations on page xi
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Figure 46 Photomicrograph of a Dio1ostomum sp.

metacercaria stained with alizarin red S.

Note red-staining calcareous bodies (one

arrowed). Bar represents approximately 25~m.

'Figure 47 Photomicrograph of a frozen section of an

Apatemon gracilis metacercaria stai.ned

with Sudan black V. Note large lipid

droplets (cne arrowed). Bar represents

app~oximatcly lOO~m.
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Figure 48 Photomicrograph of a section of normal

trout lens stained with haematoh7lin and

eosin. Note healthy lens epithelium (arrowed).,

Bar represents approximately 50~m.

Figtlre 49 Photomicrograph of a section of trout

lens infected with Diplostoml~ spp.

metacercariae. and stained with hnemato~'lin

and eosin. Note invasive p~oliferation

of epithelial cells into lens cortex

(arrowed). B3r represents approximately

50~m.





facing page 149

Figure 50 Photomicrograph of a section of a stickle­

back eye stained with haematoxy1in and

eosin. Note metacercariae of Diplostomum

gasterostei in retina (arro"i'led). Bar

represents approximately 250~m.

Figure 51 Photomicrograph of a section of stickle­

back retina stained with haematoxy1in

and eosin. Note Dip10stomurn gllsterostei

metacercariae (one arrowed). Bar

represents approximately 100~m.

!!gure 5~ Photomicrograph of a section of trout

heart and pericardium stained with

haematoxy1in and eosin, Note presence

of many Apatcmon gracilis cysts (one

arrowed) within the pericardia1 cavity.

Bar represents approximately 21nm.

key to nbbrp.vintions on page xi
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CHAPTER 3,

EXPERIMENTAL STUDIES ON TIfE DEVELOP~1ENT OF STRIGEOID EGGS

INTRODUCTION

The eggs of strigeoids, as of many other trematodes and

pscudophyllidean ccstodes, are operculate and develop

in water. Although: there are numerous acc~unts of ,the

development of such eggs (see Smyth, 1966 pp 66-71, and

Erasmus, 1972 pp 45-50), experimental studies of

environ~ental factors influencing development and hatching

of operculate trenutodc eggs appear to be limited to

ras~~!~ hepa~~~~ (see Rowcliffe and Ollerenshaw, 1960).

During this study, eggs of Diplostoffi1Jffi £p,!1thaccrun

were obtained from experi.tnentally infectC:!d black-headed

gulls. The opportunity was therefore taken of carrying

out experimental studies on the factors affecting

development and hatching of these strigeoid ebgs. It was

hoped that an ~nderstnnding of these would help cxplaitl the

pattern of trematode infections in snails, to be discus~ed

in Chapter 4•

.Q. ,~,path~~ is reported from nunlcr0.!1s locAlities,

presumably differing grently in their water chemistry.

During this study, infected snails wet'e found in fast

flowing highland streams, as well as in static waters of

htgh conductivity (see page 51). Eggs "lill be faced

with differC:!nt conditions according to ,\There they are

deposIted. In highhmd streams they may fnce prolonged

periods of low temperatures. In stagnant conditions
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lOxygen depletion may occur, eggs may be buried in sediment

. 'and encounter toxic dissolved sUbstances, or turbidity may

(~lower dncident light.

MATERIALS AND METHODS

EggstofQiplostormnn sEathaceum used here were

obtained by sieving the faeces of black-l1eaded gulls fed

·eyes of·infected roach from the Forth nnd Clyde Cannl.

:For the collectio~ of their faeces, gulls were placed in a

'cage with a grid bottom over a tray of water. Faecal

pellets were broken up by vigorous shaking in a jar of

water. The resulting slurry .was poured through a nest

of sieves (Endecotts (test sieves) .Ltd. London) and

,washed with clean water. 12. spathaceum eggs pass through

,an 88~m aperture,sieve, but are retained in a 37~m sieve.

Eggs in washings from the 37~m sieve were further

cleaned ?y.washing and sedimenting, after the method of

\ Orr and, Hopkins (1969)9. ..

The development of a number of eggs was followed.

'-Individual eggs were placed in a tiny droplet of water on

a coverslip. This was inverted over a cavity slide,

sealed with vaseline, and could then be observed with the

high power objectives of a Wild ~~20 microscope.

For experimental 'work, eggs from freshly shed faeces

(3-12 hours) were used. After sieving and washing, eggs

,were taken up .in a drnlm-out l'asteur pipette and

:"; transferred to a solid watch-glass of about 3 ml capacity.

In this way, virtually all contaminants, such as uric

"~cid crystals, were cli~inated. For each experimental or

control situation, a batch of four solid watch-glnsses was

/
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used, each watch-glass containing 100 eggs. Crystnmycin

(Glaxo Laboratories Ltd.) was added to all incubation

media used to give 100 units of penicillin G and 0.1 mg

~ of streptomycin sulphate per ml of mediun. This was to

inllibit bacterial growth in the watch-glasses.

To minimise evaporation from watch-glasses during

incubation, each was covered with a square of glass.

Several watch-glasses were placed together in a cryst~llising

dish containing a few mis of water (to maintain high

internal humidity), and covered with silver foil. Dishes

were then placed in the appropriate incubator.

With the exception of those incubated in total

darkness, or in anaerobic conditions, each watch-glass

was examined at intervals using a Hild M-S dissecting

microscope. Eggs in which the eyespots of the oiracidium

were Visible, or which had hatched, were counted.

Hatched eggs, which could be recognised by their open

operculum ''lith remnants of the vitelline membrane attached,

were removed with a drawn-out Pasteur pipette after each

counting. All eggs which had hatched by the end of an

experiment were classed as viable. In the case of dark

or anaerobic incubations, '\t;rhich ,,;rere generally p.xamiued

before all eggs had hatched, ·fully embryonated eggs were

also classed as viable. The day on which an experiment was

set up was counted as day O.

Experiments werfl set up to lest a number of f3ctors

which might influence developtnent.: and lutching of

Q. sp~~h1.lceum e8gs , and which might varj- in nnturnl "raters.

The ,experimental ~egimes arc summarised below.

1) Development time of eggs at different temperatures.

Eggs were incub~ted in distilled water at 40°, 30~,
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25°; 20°,' 15°, and 10°C in normal or cooled incubators
as appr6priate~

2) Ability of eggs to hatch in dark.

, l1atch glasses containing eggs in distilled water

were i~cubated in a' light-proof container at 25°c. Batches

of four dishes were removed at intervals in a darkroom,

the remainder being return~d to the incubator. Formalin

was added to dishes removed for examination to kill any

miracidia which' otherwise might hatch in the light bafore

examination. A control group was kept in the same

incubator and examined at intervals.

3) Ability of eggs to develop and hatch in low concentrations

of oxygen" or in the 'presence of inhibitors of aerobic
respiration.

Difficulty was experienced in setting up anaerobic

~ conditions such tllat oxygen concentration and egg

development could be monitored. Early attempts included. .
maintaining eggs in boiled water under a layer of oil,

in a water bath under a gas manifold through which a

mixture of oxygen-free nitrogen (95%) and carbon dioxide

(5%) were passed, and in tubes of water through which the

same gases were bubbled. In the first two cases, eggs

developed and hatched, but in the last, they did not.

However, design of these experiments was considered

faulty, and reliance waS only placed on results obtained"

when eggs were maintained in McIntosh-Fildes anaerobic

jara. Four watch-glnsses were placed in each of three

such jars. 1\10 jars were evacuated then refilled witll

the oxygen-free nitrogen-carbon dioxide mixture three

times in day 0, and twice further on day 2. The third
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.' jar, evacuated in the same way but refilled with air,

acted as a control. All jars were kept at 25°C and

opened for examination on day 15.

Batches of eggs were incubated separately in two

commonly used inhibitors of aerobic respiration,

potassium cyanide and malonic acid. The former was used as

a 1.0 rnH solution, and the latter as a 10 rnB solution

(concentrations recommended by Dawson!! !l., 1969

pp 385 and 89). Cyanide was buffered to pH 7.0 in a

1~1 phosphate buffer ,(Dawson et al., 1969 p 489), and--
malonic acid neutralised to pH 7.0 ,,,,ith sodium hydroxide.

Control batches were incubated in distilled water, and

in phosphat~ buffer at pH 7.0.

In one experiment, eggs were allolved to develop ill

distilled water for 7 days before being tr.ansferred to

a cyanide solution. All incubations were at 25°C.

4) Development and hatching of eggs in saline conditions.

In preliminary experiments, embryonated eggs were

placed in solutions of several. concentrations of

sodium chloride. Plasmolysis of the egg contents

occurred in 200mM but not in l50mM sal:f.ne. 'l11e latter

is apprOXimately equivalent in osmotic pressure to the

contents of the duck small intestine (Crompton and

Edmonds, 1969) and was' chosen fiR the hiehest concentration

to be used. Batches \.;ere also incubated in two lmvcr

concentrations, SOmM nnd 10m1'1 sodium chloride. Cont:rols

in distilled ,,,,ater and all experimental botches ,"'ere

incubated at 25°C.
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5) Development of eggs at different pH values.

Batches of eggs were incubated at 25°C in distilled
" " t

water buffered' to pH values of 4.0, '5.0, 6.0, 7.0, 8.0,

and 9.0. The buffers used for the first trial were;

Buffer

sodium acetate / acetic acid

phosphate buffer

glycine / sodium hydroxide '

I'

Concentration

10 mM

10 mM

10 mM

In ,a second trial, citric acid / phosphate buffers

were used at 10, m..~ concentrations for pH 4.0 lind 5.0.

Other buffers were as above. All buffers were used as

recommended by Dawson et a1. (1969). Controls were--
incubated in dis~illed ,,,ater at 25°C.

6) Survival of eggs for protracted periods at low

,temperatur.es.

Eggs frem freshly'deposited faeces were incubated

at about 4°C in a refrigerator. At intervals of about

two months, sGveral watch-glasses were ,removed to an

incubator at 25°C, and their development at 'this

'temperature followed.,

In another experiment, eggS\'1ere allowed to

develop at 25°C for 7 days before being placed at 4°C.

After 5 months at 4°C, these eggs were retunled to 25°C

and their development followed. Controls were

!incubated in distilled water at 25°C.
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RESULTS

A) Development of eggs and the hatching process.

Thirty eggs, removed from gull faeces immediately

after their deposition, measured 96-l26~m (mean l09~m)

by 60-72~m (mean 65~m). Eggs arc oval in shape, slightly

. asymmetrical about the long axis, and golden brown in

colour. A zygote containing two pronuclei lies to\'1ards

the opercular pole of the egg and measures l6-22~m

in diameter (18~m in 9 of 17 observations). Boundaries

between vitelli.ne cells are very indistinct at this

stage. The first few divisi.ons of the zygote were

observed to follow an asymmetrical pattern similDr to

that described by Pearson (1961) for Neodiplostomu~

(aFibricola) ~ntermediu~. AfteL the first 24 hours,

and for the next 4-5 days at 25°C, the embryo appears as

a disc of cells, at first lying close to the operculum,

but becoming more centr~lly placed later. Boundaries

bebveen the polyhedral vitelline cells ar~ more obvious

after 5-6 days. After 7 days, the en~ryo is elongated,

and the eyespots are visible as poorly outlined regions

of dark granul~s. Flame cells and slight movements of the

embryo may be seen at this time. Vitelline cells are

now reduced in size, spherical in shape, and do not

entirely fill the egg cav! ty.. In fully developed eggs

(from day 8-9 at 25°C). no structure was seen analogous

with the viscous cushi.on at the operculnr polo of

FDsciola hcpnti.cn eggs. Figure 53 show::; several

developmental stages of the egg of Q. s~tlthnceum.

Detailed observations on the hatching process were

not made. Howc;.ver observnti.on led to the belief that

the sequence of events is very similar to th3t deccribcd
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by Pearson (1961) for Neodiplostomum intermedium.

Pearson observed that the vitelline membrane with its

enclosed miracidium is partially extruded from the egg

when the operculum opens. The miracidium then ruptures

the membrane and escapes. A similar process is thougllt to

. occur during the hatching of Q. spnthaceum eggs, but this

. could not be confirmed. After the operculum opens the

miracidium emerges rapidly. Sometimes, however, it

becomes trapped in the opercular opening and swims,

trailing the shell, .for a fel'l minutes before freeing

itself. In an empty shell, the vitelline membrane 'has

come away from'the wall, and is seen as a small loop

suspended within the opercular opening~

~) Interpretation, of experimental results

The results of each experiment were intended to

'indicate the rate' of development of eggs, the length of

their peak hatching period, and their viabilities in

each situation. On six occasions, batches of eggs

incubate~ in distilled water at 25°C, served as controls.

Examination of the results from these six batches

suggested a means of expressing the desired measurements.

When the percentage., of viable eggs hatching 1n ;
each 2-day period is plotted,against time, a skewed

distribution is obtained (Figure 54 - for derivation of
'"

~his graph, see below). TIle majority of viable eggs

hatch over a relatively short period, the remainder,

forming the "tail" of the skewed distribution,

hatchitlg over a longer period. TIle length of the "tail"

varied, even though batches of eggs \-lere given identical

treatments (Figure 55). Results were graphed as
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cumulative percentage of viable eggs hatched by each

. day of observation. Points were connected by straight
lines.

Similar curves were obtained for all experimental

batches. In every case, over 50% of the viable eggs hatched

llithin the period covered by the "bulge" of the skewed

distribution. Graphical determination of the day by

which 50% of viable eggs had hatched therefore gives

, a measure of the rate of development of the. eggs. To

estimate the length of the period of peak hatching,

the number of days over which the first 75% of viable

eggs Imtched, was determined graphically. In most cases

this corresponds closely with the period of the "bulge"

of the skewed distribution.

Figure 55 gives ctunulative percentage hLtching curves

for' the six control batches. Their times for 50%

hatching were 12.9, 13.8, 11.8, 14.0, 12.e, and 11.2

days. Their viabilities were 73%, 89%, 93%, 97%,

96%, and 88%, and their periods of peak llatching,

?O, 6.8, 2.8, 4.4, 2.6, and 5.2 days respectively.

If these values can be considered as samples from

normally distributed populations of value~, their means

Rnd standard deviations can be utilised. Thus the

time of 50% hatch for the control batches is 12.8 :t 1.1

days, their viability 89 t 9%, and ~leir period of

peak hatching 5.13 ! 2.5 days. For analysis of the

data these values were taken to rcprCSCtlt the control

situations. Values lying more than two standard

deviations from the above means w~re considered to

differ significantly from them. This crude st.ntistical

approach appears adequate in view of the nature of the
data.
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For graphical comparisons, daily values from the

, six control "graphs. (Figure 55) have been averaged to

give the'combined'curvc in Figure 54 (used also in

Figure 56). TIle graph' of percentage of viable eggs

hatching over each 2-day period, also in Figure 54, has

been derived from.the combined control graph.

e) Experimental results

\ ;' -

1) Development time of 'eggs at different tempc!ntures.

Figure 56 presents graphs of cumulative percentage

hatch of eggs incubated in distilled water at different

temperatures. Data derived from this is shown in
Table 21.

Temperature differences have a more dramatic effect

on the hatching times of eggs than on their,viabilities

or periods of peak hatching. The number of da)'s to 50%

hatch decrease's exponentially with increasing temperllture

to a minimum at 30oe•. Above 30oe, hatching time does

not decreasefur'thcr, and the percentage of viable eggs

'drops,consid?rably. At 300 e and 20 0 e the percentage

of viable eggs did n~t differ significantly from that

at 25°e.Bacterial or fungal contaminants in the

~atch..glasse~ ',:.,~~e ~onsidered responsible for the much

lower viability of eggs at lOce. Other experiments

~pagc,161) suggested that eggs may remain viable for

many months at 10':" temperatures •

. 1he lowest tcmpcra~ure for development Was not

exactly determined. Eggs do not develop at 4°C, and

extrapolation .from the clJtVe in Figure 57 suggests that

significant development would not occur below 10oe.
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.2) The ability of eggs to hatch in the dark.

The results obtained during two trials of this

experiment .are sho~~ in Table 22. Neither the time

for 50% hatch nor trle viabilities of the experimental

batches differed significantly from that of the

combined controls. The peak hatching period could

not be determined,accurately from the data.

3) The ability of eggs to develop and hatch in low

concentrations of oxygen, or in the presence of

j) i.nh:tbitors of aerobic respiration.

All anaerobic jars were opened on day 15. In one

of ~le experimental jars, 36%. of the eggs had hatched,

and 97% appeared viable. In the other, 95% had hatched

and 98% appeared viable. In the control jar, 89% hau

hatched and 98% appeared viable. It was concluded that

eggs can develop and hatch in low oxygen concentrations

''lith apparently undiminished viability. It should

also be pointed O\lt that eggs in this experiment were

in darkne~s throughout their incubation period.

The results of incubation of eggs in r~spirntory

inhibitors are sho~m in Table 23. TIle only significant

effect of respiratory inhibitors on eggs was to delay

the hatchi.ng of those incubated in cyanide from day zero.

Those in rllc1.lonic acid; or in cyanide from day 8, did

not differ from controls. Neither viabilities nor

peak hatching period were significantly affected by the

experimental treatments. Eggs incubat~d in cyanide from

day 0 sho\'led little sign of development for several days

relative to controls, but subsequently developed
normally.



161-
4) Development nnd h~tchins of eegs in snline conditions.

D. spathoceum eggs are capable of no~~l development

nnd hatching in 0.11 salt concentrations in which they

\-lere incubated (Table 2/.). Ono of t",'o blllchcs incubated

in l50mM sodium chloride was delayed in tk~tclling relative

to controls. During plasmolysis experiments (sec poco 154)

numbers of eggs were seen to hatch in 200mH sodium

chloride, at which concentration s~me plasmolysis of

the egg contents occurs.

5) The development of cm;s at different pH values.

Eggs failed to develop in the acetate buffer nt

pH 1•• 0 and 5.0 during tho first trial. Due to
bacterinl contrunin~tion of the batch at pH 9.0 in the

first trinl, and of that nt pH 4.0 in tho second,

data for these nre not given, although soma e&C5 wer~

seen to hatch!n each Clisa. Other results nra sho\rn

in Tabla 25.

Det\'1een pH 6.0 und 8.0 inclusive, experimental

rllltches did not differ significnntly from controla for
nny parameter. D~tches at pH 5.0 nnd 9.0 sho\r.'cd

deluyed hatching, and thnt at pH ~.O a prolonged period

of PNlk hatching.

6) Survival of eggs for protracted periods at low

temperatures.

In incubations lnsting over ono month, oocterlnl.

contamination of t.he wntch-elnsses was sotnt,:1t:!mes a

problcill. Much quanti.tutive dntn on survivnl of e&l~s

at 10"1 t.emper~t'Ures "1lll':J lost becauS'e egga could not
be clearly seen in contaminnted ,,,ntch-glnssos.
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An undetermined proportion of uncmbryonnted eggs

incubated at 4°c for six tl}onths sUbsequently developed

nnd hatched on return to 25°C. Of 282 embryonated eggs

(incuboted at 25°C for seven doys) kept at 4°c for five

months, 87% botched ''lith!n 15 doys of being returned to

25°C. Numbers of embryonated eggs kept at 4°C Cor 11

months hatched on return to 25°C.

In all experiments reported here, mlrl1cidin

remained motile, and oppnrently unaffected by

whatever medium they hntched into.

DISCUSSION,

Of all experlmcntal treatments to \olhich esgs were

subjected, incubations at different temperatures

showed the most dr£lrrk~tic differences. Curves of

Imtching time ngninst temperature constructed by
Dubois (1929) for eggs or Strincn tnron (-Cotylurus

.counutus) nnd by Ro,,,cliffe nnd Ollerenslulw (1960) for

FnsciolA. hCptltica closely resemble thnt in Fir;ure 57

for Q. !l'.athnceum. For both Q. ,snEl,thnccum nnt! !. Jle£!:lticn,

development probobly does not occur below 10°C, nor

is development time further decreased over 30°C.

In Scottish waters at least, temperatureo over

20°C arernro, nnd .the development of eegs nbovQ this

figure need not be considered. Tempcrnturcs in tho

River Almond at College Nill Trout Farm durlns 1972­

1973 ronr,ed from oOe to 20°C (see Figure (3).

Temperatures of leoe or over were recorded beblcen the

end of Apri.l and the beginning of Oct?ber, and temp-
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eratures over 15°C occurred for short periods only,
between June and August of each year. TIle greatly

shortened development time above 15°C would suggest that

the majority of partially embryonated cggs present in

a fish farm might hatch during the short periods

when temperatures rise towards 20°C. The implicnLlons
arc discussed further in Chapter 4.

Data given by Styczynsl~- Jurewicz (1965n) and by

Rowcllffe £lnd Ollerenshaw (1960) indicate thnt the

development of eggs of 1-'. hcpnticn is slowed or. -
Suspended in anaerobic conditions. The development of

eggs of Q. spathaceum in such conditions, and in

cyanide solutions, suggests that eggs of this species

arc at least facultative anaerobes. Eggs in bottom

sediments, where strongly reducing conditions cnn occur,

or in stagnant ponds m4~y thus be able to continue
their development.

Styczynska-Jurc\..ricz (1965b) has reported that eggs

of £. !lepntica CDn develop in salinities up to about

200 nu~ sodium chloride. Q. ~pn~lnccu~ cnn also develop
in saline conditions (79-92% viability' in 150 n~l sodiu~

chloride). TIlesc values arc above salinities recorded

by CichoNlllS (1961) in a part of the Daltic Sen ,-:hcrQ

lymnaeids infected with Q. s12nth"'lccu~ "'ere (ound. It
is likely that some fluke eggs cnn develop and hutch in

saU.nittes above those tolerated by their sMil hosts

(dnta in St.yczynskn-Jut'euicz, 1965b).

Although pH values of Mturnl wntero rM}P var>"

between 1.7 and 12.0 (Hutchinson, 1957 p (81),

Cut'penl~t· (1928 p 68) has commcnlcu thnt "by comlnon

observati~n, animal life --- seldom occurs at nIl

below pH i•• 7 or above pH 8.5". Eggs of .Q. sp£ltl,l,".ccmm
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can develop 'and hatch between these values. The

variability in the~r hatching time and viability

observed experimentally aranot considered of ~jor

biological significance.

The survival of Q. spathacc~ eggs despite pro-
~" f.

longed incubation at low,temperatures suggests ~U1t eggs

can overwinter in the field. This is further discussed
in Chapter 4.

Specific stimuli are often considered eSGentinl

for hatching of operculate trematode eggs (sec Erasmus,

1972 p,49). Eggs ,of Q. spnthnceum, however, nppcur

capable of. hatching \'1ithout app:lrent stimuli under nny

conditions in which they can develop.

Light has been considered n ncccessllry stimulus

for the hatching of many eggs (no\o1cliffc nnd OllercnehL1w,

1960, and Rowan, 1956 for ,E. hepntJ.cn). Amongst the

strigeoids, eggs of Alnria spp. require lisht for nOrmAL

hatching (Pearson, 1956) whereas those of ~lhricoln

~rater.:~ do not (Hoffman, 1955). Hilliard (1960)

observed that eggs of some species of the pseuclophyllidel\n

genus Diphyll,opothrium require light as n hntching

stimUlus, \o;hereas others do not. SJmilar variabIlity

is not unexpected therefore among the trematodes.

Rowan (1957) and l1ilson (1968) workinn on
!. hepatica, and Pearson (1961) on Ncoc.Hplostomtlm

(.Fibricol~) intermedhtrn, considered that hatching is

preceded by an inflow of water into tho ess. This

increases internal pressure and holps to rupture tho

opcrc1.11tun. Contents of embryonnted Q. E,Pllthnceu"! cess
suffered plasmolysis in 200 mH sodium chloride. IT-st

were cnpnblc of hatching in this solut;J.on. Simple
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dilution and swelling of egg contents by an inflow of

water is not a plausible explanation of hatching under.
such conditions. Eggs of ~. spathacettm and~. intermedium

(sec Pearson, 1961) lack the viscous cusllion, common

to many trematodes, which expands by hydration to

increase internal pressure during hatching. The nature of

the cushion material in!. hepaticn is such that it can

expand in 170 roM sodium chloride, at which salinity tha

remaining egg contents lose water osmotically (Wilson,

1968). The hatching mechanism in strigeoids must differ

somewhat from that in I. ~~pnticn. Pearson (1961)

suggested that material between the shell and vitelline

tlembrane of embryonated!!. intermcdium eggs may ploy n

part in hatching. If this should prove similar in

nature to viscous cushion material, the paradox or

eggs hatching in isotonic or hypertonic solutions may

be resolved.

During their development, trematode cggs nulY be

ingested by snails. Many species Imve evolved to

exploit this possibility, only hatching after being

eaten by a snnil (Erasmus, 1972 p 46). Fully developed

~. spathace~ eggs wera occasionall)" seem to ba

ingested by Lymnaea parcgra, but appeared later in tho

faeces, unhatched but still viable.

SUMMARY:

1) The development and hatching of eggs of n

representative strigcoid (Dlplostomum fJRllthncelun)

were briefly described.

2) Experimental studies on.!!. spnthnccum eggs rcvenled

that they arc capable of normal development and
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hatching under all conditions of pH, salinity, nnd

oxygen concentration in ~hich snail hosts are likely

to occur. Their development rate appears necligibie

below 10°C, but increases exponentially with temperature

to a maximum at about 30°C. The eggs are cnpnble of

hatching in the dark, and of surviving long periods at
low temperatures.
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EXPLANATORY NOTE FOR TABLES 21-25

Some column headings in these tables could not be
. ronde both briof and entirely self-explanatory.

Tho "Day of 50% Hatch" column gives the number of

days from the start of an incubation until 50% of the

viable eggs had ha~ched. This gives a measure or the

rate of development of the eggs.

The "Days for 75% Hatch" column gives the nu:nber of

days over which the first 75% of viable esgs hatched.
nlis gives, a mensure of the length of the hatching

period.

The sarna control values were used in each experiment,

expressed as the mean of values from severnl control

batches and the standard deviation of these values. In
each column ,,±' S.D.'s from Control", the figure quoted

is the number of standard deviations (of the control

batches) by which the experimentnl vnlue differs from

the control mean.

A full explanation may be found in the text, on

page 157.



TABLE 21: Tiu..es for 50% hatch, viabilities, and periods of peak: hatching of

Diplosto~-n spath3cenm eggs incubated at different t~~eratures

.~

Day of + S.D.'s % + S.D.'s Days for + S.D.'s- - -Temperature 50% Hatch frOCl Control Viable fro!Il Control 75% Hatch from. Control

40°C 8.6 3.8 23 7.3 4.4 <1-

30°C 8.0 4.3 90 <1 5.0 <1 IE(2 batches) 8.8 3.6 95 <1 5.8 <1

25°C + 89 :t 9 +(c~blned value for 12.8 - 1.1 - - 5.13 - 2.5
the 6 control batches)

20°C 19.4 6.0 77 <2 7.6 <1
(2 ~tches) 19.7 6.3 98 <2 7.4 <1

15°e 40.4 25 69 2.2 20.4 16

lOoe 142 117 38 5.7 50 18



TABLE 22: Tices for 50% hatch, and viabilities of batches of D. spathaceu:n eggs

maintained in the dark

Batch

1'ria1 1

Trial 2

Coabined
Controls

Day of
50% Hatch

11.2

13.4

+12.8 - 1.1

+ S '- .D. s
from Controls

<2

<1

% "
Viabilities

89 - 92

96 - 98

89 :t 9

+ S •- .D. s ,
from Controls

<1

<1

IE
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TABLE 23: Ti.r:les for 50% hatch, viabilities, and periods of peak hatching of D. spathaceU!:1

eggs incubated in r~spiratory inhibitors

Day of + S.D.'s % + S.D.'s Days for + S.D.'s- - -Treatment 50% Hatch from Controls Viability from Controls 75% Hatch from Controls

Cyanide from Iffi
Day a

Trial 1 15.8 2.7 94 . <1 4.6 <1
Trial 2 20.0 6.6 93 <1 9 <2
Trial 3 17.8 4.5 95 <1 4.5 <1

Cyanide fro::1 14.4 <2 96 <1 7.2 <1O3y 8

Y..:!.1onic Aeld 12.4 <1 96 <1 2.8 <1

C=bined + 89 :t 9 +
Controls 12.8 - 1.1 - - 5.13 - 2.5



... ~, ~,"

TABLE 24: Tices for 50% r~tch, viabilities, and pericds of peak hatching of D. spa~haceum

eggs incubated in different salinities

Day of + S.D.'s %" + S.D. 's .' Days for + S.D.'s- - -Treatment 50% Hatch from Controls Viability from Controls 75% Hatch from Controls

10 ~1 Saline 14.4 <2 98 1 5.4 <1 l~

50 mH 15.5 <2 92 <1 8.8 <2

150.r..'1 18.6 5.3 79 <2 7.5 <ITrial 1

150 mH 14.2 <2 92 <I 4.8 <ITrial 2

Co=bined + 89 ± 9 +
Controls 12.8 - 1.1 - - 5.1 - 2.5



TABLE 25:

-----_.•_.... ~.

Times for 50% hatch, viabilities, and periods of peak hatching for D. spathaceum

eggs incubated at different pH values

Day of + S.D.'s % + S.D.'s Days for + S.D.'s- - -pH 50% Hatch frotl Controls Viability from Controls 75% Hatch from Controls

5, Trial 2 16.7 3.5 93 <1 4.6 <1

6, Trial 1 14.2 <2 90 <1 5.0 <1 IS
6, Trial 2 12.8 <1 96 <1 3.0 <1

7, Trial 1 12.3 <1 92 <1 3.4 <1

7, Trial 2 12.5 <1 95 <1 4.0 <1

8, Trial 1 11.5 <2 93 <1 2.8 <1

8, Trial 2 14.8 <2 94 <1 7.8 <2

CJ, Trial 1 17.4 4.2 73 <2 14.2 3.5

COO"lbined + 89 ± 9 +
Controls 12.8 - 1.1 - - 5.13 - 2.5



facing page 172

,l"igure 53 Diagrams of so:ne developmental stagea of

the e&g of Qiplostomum spathaccum.

A) On day zero. lbe zygote contains two

pronuclei.

D) On day four. The embryo lies towarus the

opercular pole of the egg.

e) On day eight. TIle embryo is well developed

and contains eyespots and flame cells. Note

the decrease in the size of the vitelline

cells.
The bar r.eprcsents approxiw~tely 20~.

key to abbreviations on page xi
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Figure 54 Upper curve; combined control curve obtained

by averaging daily v31ues for cumulative

percentage hatch of the nix control batches of

Diplontomum ~pnthaceum eggs incubated in

distilled water at 25°C.

Lower curve; The percentage of viable ~.

spathaccum eggs hatching in each 2-day period.

Derived from the upper curve.
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Figure 55 Cumulative ~crcentage hatch of eggs In each

control batch incubated in distilled water

at 25°C. Each letter represents values for

a different batch.
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Figure 56 Cumulative percentage hatch of Diplostornum

spathaceum eggs incubated in distilled water

at different temperatures. The combined control

cur;e is used for the batches incubated at 25°C.

Only one curve is dra"-"Il for each of the two

trials at 30°C and at 20°C.



i

U U JJ oU o~
\!J

0 0 -0'-
0 LO 0 LO

>- ('t) N N -
)( 0 :::> > )0-

I I I I I
)( 0 ::;) > >-

er,:t
-\0->--------

>-

\ (\It/)
(1)'

>- ->-

\ <1:
0

>-

oLO
C\J

>
\
>">----- ->

::;)\ ~> N

~":J "l et)

)'( °0 --- :::>-~ I* '0 ::;), '0 - -::>----
x __ 0 ------ 0 :::>

x -)( ---- 0
)(

" I1-- _R -
J __

0 r.n 0
0 I' ~ ltl

- 0



176

-x

x

T 30
E
tv1
f?' 20

(OC)

10

o 25 50' 75 100 I25 150
DEVELOPMENT TIME (DAYS FOR srJlo HATCH

OF VIABLE EGGS)

Figure 57 Graph of the development time (number of

~ays for 50% hatch of viable eggs) of

piplostomum sEutl13ceum eggs nt different

temperatures.
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. CHAPTER 4

EPIDEMIOLOGY OF STRIGI:OID INFECTIONS OF SNAILS AND FISH

. INTRODUCTION---------...-......
At College Mill Trout Farm, a supply lade or channel

from the River Almond feeds, in parallel, a number of

indoor concrete tanks and 16 outdoor earth-~~nkcd

rearing ponds, the latter 25 by 5m by 1.5rn deep. The

elmer buys rainbow trout eggs from Europe (in spring) and

from Tasmania (in autumn). fry hatching from these are

rr~intained for several months in the indoor tanks before

being transferred to the outside rear~ng ponds.

Strigeoid metacercariac \'lere found in fish both in

the indoor fry tanks and in the outside rearing ponds.

Snails occurred in the supply lade and in'the rearing

ponds, but not in the fry tanks. Possiblc sources of

cercariae were therefore snails in the water supply and

those in the rearing ponds.

A marked summer increase in infection levels of

fish \'1ith metocercaria~ wns observed by Campbell

(pers. cornm.), coinciding with the luttc~ part of the

snail breeding season, and at a time when higher water

temperatures should lead also to hatchi.ng of trematode

eggs (see Chapter 3). Snails at College 11i11 Trout Farm
were sampled from May 1972 until December 1973 in an

attempt to ana.lyse their population structure, and

understand the epidemiology of the trer.1Lltodcs.

Corroborative data obtained by sampling fish from the

farm has been supplied uy Hr. A.D. Cumpbell of the

Department of Agriculture a.nd FishericH for ScotlLtnd,

to whom tho author is greatly indebtp.d.
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HATERIALS AND NETHODS

A) Collection and examination of snails

Normally, e~ch rearing pond at Collese Mill Trout

Farm'is drained once or twice a year and treated \lith

copper sulphate to kill snails. However, one pond, pond

13, had not been treated since 1970, and contained

large numbers of snails when sampling started in 1972.

Samples were therefore taken from this pond from Hay

1972 until October 1972, when it was fiI14~lly drained.

Subsequent samples were taken from pond 7 which had

been treated and refilled during August 1972. Snails

reco10nised pond 7 during the autum:.. and winter of 1972

and large numbers were found early in 1973 (Campbell

(pers. cornm.) estimated there to be 1800 snails in pond

7 on 15 May 1973).

Samples were taken by drawing a hand net several

t:f.roes f'.l.long the substrate of the pond from its deepest

part up to the ~~rginal vegetation. TIle nct retained

all objects above about O.5mm diam~ter. Its contents

were brought back to the laboratory nnd placed in a white

polythene tank, covered with water, and kept at about

20°C. Frequent exanlination under n lamp revealed snails

on the sides of the tank and on the surface of the

pond debris. ny this method it was possible to find

even very small snails which might hove bE'en difficult

to ceparatc from the substrate by other menns. Genernlly,

all live snails ''lere seen and removed from the tank

within 4 or 5 days •

.' Examination of snail s WrtS carried out as soon as

possible after their collection. The tIU1xlmu.'11 shell

length of each snail was measured to~the n~nrest 0.1 rom
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using Vernier calipers. The majority Here then

dissected in ~naea saline (Carriker, 1946). Any

trematodes found (sporocysts, redine, and metacercnriae)

were identified as far as possible, and their presence

recorded. Infections in snails which had been shedding

cercariae, or which yielded apparently fully developed

cercariae on dissection, were classed as "m.'lture".

While taking each saulple, the pond 'vR$ examined for

the presence of snail eggs, and the relative abundance

of these assessed. \later temperatures were recorded in

the early afternoon each clay from the supply lade at

College Mill Trout Fonn.

B) Examination of fish

Samples of fish were removed at "1Cckly or fortnightly

inter.\rals from fry tanks and 'selected rearing ponds for

examination by Mr. A.D. Campbell. Ten fish ","ere generally

taken on each occasion. The nwnbprs of mctacurcarine

in their lenses and humours were recorded separately.

The numbers of "small forms", considered to represent

'newly penetrated cercariae, were also noted.>

An experiment \'las set up to assess the development

time of: !?.iplostomum sI?athaccum within stud ls at

different temperatures. About 100 Lxmnncn pc~cBrn were

exposed to infection by miracidia of Q. 2,PnthnceuITI at

20°C. Tw~nty-four hours later, groups of sn::111:; ~crc

removed to tanks at lOnC, ISoC, nnd20oC. Snnils were

removed at intervals and dissected to determine the

development of their infections.
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RESULTS

A) Life-cycles of the snails.

The only snail occurring commonly at College ~1ill

Trout Far~m was Lymnaea peregra. A very small number of

Lymnaea truncatuln were also found during sompline, but

none was infected. Shell lengths of 1. perc~ra

sampled from ponds 7 and 13 are shmvn in Figure 58. The

data has been gathered into size classes of O.5mm for

presentation. Space did not permit the inclusion in the

figure of the sample from pond 7 on 31 July 1973. The

sample from this pond taken on 9 July 1973 fell cle.:lrly

into two size groups, larger snails belonging to the

qye~vintering generation, and smaller, recently h.1tched

snails (sec Figure 58). So many small snails were

present that a further sub-sampling of these wns required,

about 1/16 of the total number being rnsasured. nle

proportion of large snails in the 9 Jul.y 1973 sample

is tllUS exaggerated some 16-fold in Figure 58.

There are several' differences between the life-cycles

of Lymnaea E~reBra in pond 13 during 1972 and those in

pond 7 during 1973. In pond 7, snails of the generation

overwintering since 1972 increased in size during tlle

spring, and died out during July. Their egg mnsscs were

found between mid-}1ay and the end of July, with II peak of

abundance in June. Young snails were found for the first

time, and in enormous numbers, on July 9th. nlcir avernge

shell length increased gradually over the next fC\o1 months

to give a size distribution by December 1973 rather
"

similar to that of the previous generation in l-lnrch 1973•

.Thus :tn pond 7, !--ymnnea pcreBra appeared to undergo n

simple annual life-cycle, an overwintering generntion of
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snails breeding in mid-summer and being, replaced by

snails of the next generation \'3hich will themselves
oven'linter.

The situation in pond 13 during 1972 Is less easily

interpreted. Egg m.:lsse~ \lCrC present in early April

(no snail sample taken) and most abundant in Mby. Fewer

were seen in early July, but a distinct increase was
noted in August.

lfuen the 9 May and 30 Hay samples from pond 13 are

compared, the latter has a much lOHar proportion of. snnils

over 10 rom and a higher proportion under 6 rnm (Figure 58).

In Figure 59 nre compared thE:! numbers and sizes of snails

(grouped in 1 rom size classes) infected "lith CotvluTu9.
cornutl1S metacercariac with those uninfected in the t\o10

samples. Their distribution cannot be fitted to a no~~l

distribution for .simple statistical analysis. Examination

of the figure, hO\o1eVer, re-~enls striking differences

bet\.;een the snmples. In the 9 Hay sample, the distrlbutions

of infected and uninfected snnils nre similar and the

majority are infected. In the 30 Nay sample, 0. high

proportion is uninfected and their average size is.
sUbstantially below that of the infected. nle ~~jority

of uninfecteu snai.ls in the 30 May sampl~ lie below the

lower end of the size distribution of the 9 ~~y sample.

SincE:! fresh infection of snails as early as }~y is not

likely (see below), infected snails must htlve acquired

their lnetacercarlae prior to overwint.ering. Hemcercnriae

probably do not contribute to mortality in their hosts.

The data is i~terpreted as demonstrntir.g that, by the 30

~my sample, larger snails of the overwintering generation

had laid their eggs and wcr~ dying off. The ~ajority



182

of uninfected individuals were small and represent spat

hatching from eggs laio during April and t1ny.

Although the 6 July sample was sroDll, it appears to

indicate rapid growth of the spring generation and

survival of few overwintering snails by this time. Snails

of the' spring generation nrc presumed to be responsible

for egg production in August, leading to the appearance

of a late summer generation. It could not be dete~ined

whether snails of the spring generation died out

completely, being replaced by the late smnmcr sencration,

or whether the population ,·..hich would hIlvc subsequently

overwintered included individuals of each generation.

B) Infections in the snailD.'

Echinostome and monostome cercariae, xiphidioccrcorine
.~ "
'and furcoce'rcarine were recorded from 1. perc8..!!l from

College Mill Trout Farm. I~ongst the furcocercuriae,

'·schistosomati<.ls were occasionally observed, the

remainder being strigeoids. Hetacercoriae of echino­

~stomes, monos tomes , and of. Cotvlurus cornutus ,,,ere

COmr.lonly found during dissection of snnils. 'fable 26

Jand Figure 60 record infection levels of spot'OC}"ots nnd

'rediae and of £. cornutus metacercuriac from 1. puregrlt.

:over the period of study. t1here samples were very Inrgc,

not all snails were dissected. Those measured without

being dissected tend~d to be SroDller than average, since

tthe~e were often the last to be picked from the sediment

'snmple. Possible bins due to this should be borne in

mind when data in Table 26 is an~lysed.

1~e proportion of snails containing mllture infections

of any sort ~~~s very low. Of 3071 1. parcgrn diGsected
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during 1972-1973, 129 (approximately 4%) were so infected,

and of these, only 32 (1%) contained strigeoids. The

samples in which strlgeoid infections occurred are sho~~

in Table 27.

Certain trends are apparent from Table 26. The

proportion of infected snails drops considerably after

the breeding season, as older snails die ofr, and young

snails enter the population (compare 9 May and 30 ~~y 1972

samples, 6 July w'ith 15 August 1972, and 9 July over­

wintering generation sample with the 31 July 1973 summer

generation sample). Thereafter infection levels in the

new generation of snails gradually build up. Towards

the end of a breeding period, snails of the older

generation show a substantial increase in infection

levels (e.g. 6 July 1972 sample, and 9 July 1973 older
generation). .

On 31 July 1973, only four snails of the ~lder

generation were taken in tile routine sample .from pond 7.

The pond Has then drained, to a1loN removal of fish,

and refi11eu. ~nlile empty, numbers of snails were ceon

which, by their nize, must have belonged to the older

generation. Thirty-one of these, measuring 11.6..18.8 mm

we~e brought back to the laborato17. Sixteen were

shedding xiphidiocercariae, oue shed schistosom..1.tids,

two shed 'Wat€'~ gracilis, one shed Diplostomum 1)hoxin1 t

three shed Diplostomum sp., and one shed a Diplostomum

(Tvlodelphys) sp. Thus 24 of 31 contained mature

infections, and a further four contained immature redioe.

So.mpling of fish during 1972 revealed much higher
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infection levels in the outside rearing ponds than in

~he fry tanks. Of 20 fish taken from a fry tank on

20 July 1972, only' two contained metaccrcariae. Dy

contrast, all 10 fish removed from pond 12 on the same

day were infected, with a mean of 118 strigeoid meta­

cercariae in the eyes of each fish. This confirmed the

main source of infection to be the snails within the
~earing ponds.

Large numbers of metacercariae built up during the

smmner months in fish in rearing ponds which h~d not been

treated recently with copper sulphate. The identification

of these has been discussed in Chapter 2. Figure 61

shows the rrean numbers of rnetacercariae in eyes from

samples of 10 fish removed at intervals from pond 12

during 1972. The heavy infections in the lcnDes by

mid-July caused severe damage to the lens and blindness.

Smaller numbers subsequently recorded from the lenses

arc thought to reflect death of parnsitcs in the now

u~inhnbitable lens. (Death of Q. spnthnccmn mctilcercarille

following lens rupture has been observed by Sweeting,

;1971 p 128). It is noteworthy that metacercarine in the

yitreous h~unours of pond 12 fish accumulated steadily

inte Septpiliber. Assuming that metacercariac in the

vit.reous htlln(J11rS "Tere not forms released by rupture of

the lens, cercarial production appears to have occurred

~hroughout this period.

Figure 62 shows infection levels in fish from pond 5

~uring 1971 and may reflect a more typical situation.

Again nmnbers of Qetacercariae built up during the second

h.:1lf of June. The intencity of infection, however, "'as

.lcwer than in pond 12 in 1972, and the lack of n dramatic

decrease in lens metaccrcariae after July suggests Q
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lower incidence of lens rupture. The numbers of recently

penetrated metacercariae showed a small peak in July and

a larger one in late August, indicating maxima of cercarial

production at these times.

Previously uninfected rainbow trout placed in pond 7

in mid-June 1973 were heavily infected with strigeoids

. by 9 July. By 31 July, five fish each contained an

average of 73 metacercariae of Apatemon gracilis (mainly

within the pericardium). Fish from the same source

added to pond 7 on ~ August 1973 ea~h contained f~w «IO)

ffietacercariae 'vhen removed on 16 September. Evidence for

a late summer peak of infection is therefore lacking in
this case.

l~ Experimental work on snail infections.

Those Lx.m~ peregra exposed to miracidia of

Q. spathaceum in the laboratory, then 1'Ik'l.intained at

15°c and 20°C, ultin~tely yielded cercariae.. At 20 0e

the prepatent period of .Q• .snathaceum is 4 weeks, and,

at 15°C, between 8 and 9 weeks. After 12 weeks, stUlils

maintained at lOoC contained only mother sporocysts

which lacked well developed daughter sporocysts.

S1lai1s shedding cercariae after 3 months at lSoe

'vere transferred to a tank at l2°C. Cercariae continued

to be shed at this t~m?crature, but were not after n

further transfer of the snails to 10°C. In these

expcrireents, therefore, the minimum temperature for

shedding appears to lie between lOoC and l2°e.
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DISCUSSION

+

A) Life-cycles of the snails

1 Hunter (l961b) concluded that an annual life-cycle

~s general among Scottish freshwater snails (an exceptioll

is LVTr:naea star;nalis, see Berrie, 1965), .'-lith a single

period.of egg laying in, the summer followed by death of

~he older snails. In the case of 1. peregra, however,

Hunter found populations in which two generations occur

. in a single yenr,. one appearing in spring, llnd completely

replaced by a generatioll ofa~tumn bred snails, Populations

in which a'spring generation was only partly replnced by. ,

autumn bred snails were also reported. Hunter considered

that "the actual pattern of 'life-cycle, though va~yitlg

· within the species, ~eems to r.emain constant within cnch

population" J; a s ta tement which the present da tn seenls
,

~o contradict (Figure 58). Furthermore, "there is n
" '

minimur~ size ( and a minimwn menn size of the population)

, for the onset of breeding". For- a population of 1". ne,rcgrH

with a simple 'annual life-cycle in Loch Lomond, Iluntct·

.gives a mean' size of 8.5 rom at the time 'of maximum

· reproductive"activity, This figure is surpassed by' the

9 }~y 1972 sample' from pond 13 (mean 10.4 rom) and the '

14 June 1973 sample from pond 7' (mean 11.4 m~), on which

· dates egg production was judged at its peak,

From this ba.ckground, a tr1o~Jcl for the life-cycle

~f 1- peregra n't College Hill Trout Fnrm may be cons-
t '>

· tructed. P:d,or to the start of suro:pling 11~ Hay 1972,

,g~nditj.ons £l~ the trout farm must have been such llS to
{ .

. permi t the gro'Hth of snails beyond the rninimtlm breeding

,'size.' Egg laying could therefore stclrt '-lith the incroas~

in water temperature in early spring (April). Sufficient
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time was 'therefore available for some Qr nIl snails of

the spring generation to mature and breed before falling

water temperatures in autumn inhibited this. (Hunter, 1961b

has also observed that, '\'lhere more than one generation
, ,

occurs in a year,' "over'\'lintered adults nrc larger than

the spring born generation at their respective periods of

reproduction". This appears to be borne out by the pond

13 data in Figure 58.)

The mean size.of the population overwintering into
1973 (pond 7 datn) was far belm<1 the minimum for

maturation. Since little or no growth was.apparent

between October 1972 and February 1973 (if snails in

ponds 7 and 13 are considered as representatives of the

~ame population), over'\~intered snails spent ~1C spring

~nd early summer growing and maturing to breed in mid-,

s.~er (June). The resultant spat therefore had nn

~nsufflcient period for maturation before the'winter.

In this model, the numbers of generations produc~d

in a given year will' depend on the mean shell length of

'y' tha populntionoverwintering from the previous year.

Overwinter growth of 1. Ecregra depends to nn extent on

..: :.the severity of the winter (Hunter, 1961a). Unfortunately,

water temperatures were not recorded during the winter

at Col1c8C Mill Trout Farm. There was evidence from

a,nothcr source however (Calow, pars. comm.), that spring. ,

~reeding of 1. Egregra at other localities in Scotland.. ,

Was exceptionally late in 1973. General climatic
~' ~ , .

. ~ot1ditiotlS in 1972 and 1973 rr.ay thus nccount for the

difff~ring life-cycles of 1. peregrn during these two years.

It should be borne in mind thnt the draining and
f'J '-
treatment of pond 7 in 1972 may have influenced in some
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~aY,the growth of snails subsequently recolonising it•

.~is could have led to the appearance of a population. .

. c~f small mean shell length over the winter months. The

,spring grmo1th period required by these snails would then

!esult;in late breeding.

B) Epidemic~J.ogy of the strigeoid infections.
J.

Although a number of authors have observed n

bimodal annual distribution of larval trematode infections

in snails (Miller and Northup, 1926; Rees, 1932; nankin,

1939, and Probert, 196Gb), fe,'l have attempted to

correlate snail life-cycles with parasite incidence.

'Sewell (1922 p 13) was the first to consider that natural

mortality of older snails at specific seasons may

contribute to fluctuations in infection levels. Recently,

~as evidenced by the work of Ollerenshaw (1959) on the

"epidemiology, of Fasciola; ,hepatica in Hales, the signifi­

,cance of snai~ life-cycles has become more appreciated.

;The present data permit. some discussion on aspects of

~the interrelationships of snail and trema.tode lifa-cycles,

' ..',and hm... these .result in infection of fish.

1)· Period of infection of snails •.

Very few snails ' ...ere found on dissection to
•
contain Itold lt or Itspent" redial or sporocyst infections.

""':" )',

',For this reason, and because of the short life-span of
',. 1

1. £££cgra aL College Mill Trout Farm, it i& hsswncd

that a snail thp.re does not outlive its trcmnloue

infections.

As shown in Chapter 3, eggs of at least one strigeoid,

.~. spnt~accum, are capable of survivine long periods at..
winter temper.atures, and of hatching wIlcn the water
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f'.

;~mperature rises above about lOoe. Daytime water ,

. temperatures were above lOoe between mid-~,y and mid-

. September in 1972 and 1973 (Figure 63). Those trematode
,

eggs present in the rearing ponds in Hay should include
I,

embryonated eggs from the previous year, as well as

unembryonated eggs from faeces deposited over the winter.

A steady rate of hatching of miracidia from Nay oml7arcls
I
could therefore be expected from overwintered eggs.

Nesting and brood raising by birds in early summer
; ,
is associated with an increase in their parasite fauna

(Dogiel, 1962). An increase in egg deposition in bird,
7aeces is likely at this time (e.e. fromb1nck-headcd

gulls nesting close to the trout farm), leading to a penk

~f egg hatching probably in July.

" Water temperature will influence the pattel~,of egg

hatching, and hence infection rate of snails. Short periods

?f very warm weather would be likely to bring many eggs to

~he point of hatching. ' ,111e 9% infection (\l7ith rediae and

sporocysts) of pond 13 snails in August 1972 was well

~bove that for pond 7 snails in August 1973 (Table 26).

~e latter, however, had a higher infection level by

October. Water temperatures in July 1972 reached 20°C

for Sl!veral days, whereas in July 1973, the)' fluctuated
;, f... '

between 14°C and 17°C. Possibly the short, very warm

spell in 1972 brought about a peak of e~g hotching in
'l, ~

'July which did not occur until later (August-September)

,during the more equable summer of 1973.
'. ~

"

2) Survival of infected snails.

. 1bcre is no general agreement in the literature

(Wright, 1971 p 121) as to the long t~rm effects on snails
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of redial, or sporocyst infections. Some ,records

<yernberg and Vernberg, 1963; Barbosa, 1962) indicate

that snails may be, killed by their infections, ,or at

least made more susceptible'to environmental fluctuations.

'l~wever, experiments 'by McClelland and Bourns (1969)

demonstrated that Lxpnaea stagnalis infected with

Trichobilharzia ocellata live longer and grow larger

than controls.

At College Mill Trout Farm" the great increase in

infection levels in old snails late in the breeding

season cannot be entirely due to a large miracidial

hatch,at this time. In the 31 July supplementary sample

(rom pond, 7 in 1973 (see page 183), 24 of 31 snails .

contained mature infections. At the recorded tcmpercturcs

(Figure 63), infections must have been acquired nt least

; 2',. months, e'arlier to have r.mtured b)r 31 July. There had

been no corresponding lncrease i~ irlfection levels

'during Me.'lY 1973, anI young snails, alrnady nbundlmt

0~1 July 9th, s~o't'led a 1mV' incidence of infection. A

, . differential survival of infected snails beyond the

normal oie-off time for older snails explains these

observations most re~dily.
\

, . \, '" Snails of the supplementary sample were vor:l large

. (page 183). Gigantism of infected snails us reported by

. v,;\rious c..uthors (l'lright, 1971 p 119) mny reflect in pert

their greater longevity.". .

3) Pattenls of cercarial production.

At 15°C and 20°C the de\relopmcnt time for ~.

!path,9C€Um • T peregra is 8-9 weeks and 4 \-leeks res-~n ~.

pecLively. During the warmest part of the SlL11Il\Cr (at,
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1973 ,temperatures), an infection 'should, take about 6-8,

(weeks to mature.', The. prepatent period would be longer

:iboth earlier in the surmner, andtO\vards,theoutumn.

(.~ Strigeoid :metacercariae began to build up in fish
.,

land in snails by mid-June during 1972 and·1973 (TobIe 26
"

;'and Figures 60,"61, and'62)~ This \vOS shortly after

lthe water temperature' had risen above the 10-12°C

minimum for 'cercaria! 'emergence. Smiils producing these

fcercariae must have acquired their infections the

previous year, as insufficient time had elapsed for

. infections of that year to mature. TIle greater longev:J.ty

of infected snails extends their period of shedding

well into the Stunmer. ~,

1 ) At least during ,,1971 and 1972, there "las evidence

k
af a second bu~ld up of fish infection 1~vels during'h . . . 'h

'~August (Fig~res 61 and 62). Perhaps because of the warm.J,.\. ,

,~uly and the early breeding period in 1972, young s~~i1s

::?'f that ~ear \vere ~lready shedding cercariae by mid-
,>-,t ~ ~, i . .', \ " ' .

'l~~gust, o~counting fo:r;. the increase in fish infection

.~ ~hen. In pond '7 during the more equable summer of 1973,
h~j >' "

1!'o?ng.snails appeared in early July. With the exception

· :'oF'a single individual taken o~' 31 July, none of, these
~,;_: " " . ' " "0" . '"

yielded cercariae until between mid-August and mid-
., "'i ' "

•~~·cptember. A second oeak of fish infection did not
Ai 1<' : ",Ao""~

. appear to oc('.ur at this time~ perhaps because of falling

;~~cmperatures'and the 10\'1 :i.ncidence ofstrigeoids ·in the

· :sna11 population. :

'",~~( 'The appearance of ~'late summer peak of fish .'

j iftfcct.ion is likely to be influcnc~d, therefore, by

,:i:he period of ,breeding of the snnils, and by the'water-
,~'

)temperatures in 'August and:Scptember.
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It need not cause surprise that a small proportion

"

of 'infected snails can lead to massive metacercarial
j-

infections in fish and (in the case of C. cornutus) in, -,
other snails. Indiyidua1 snails from Co11~ge Mill Trout

Farm were found to shed between 500 and 20,000

furcocercariae per day in the laboratory (Campbell,

pers. corom.). It should also be noted that infected..
~nails tend to be larger, and can therefore sustain
~ • ,< '

greater yields of cercariae (Cort et al., 1957).--

SUl1MARY

1) The life-cycle of bYmnae~ peregra at College Mill

Trout Farm was followed during 1972 and 1973. During

1972 there were peaks of egg laying by 1. £eregra in

May and in August, with the May peak the larger. Young

snails appeared in the population after each peak. During

1973 a single period of egg laying occurred, with a peak

in June. The differing life-cycles in these two years may
have been due to c1irratic differences influencing the

mean shell length of the populations, or to the draining

and treatment in 1972 of the pond samp1~d in 1973.

The former interpretation is preferred•

. 2) Each peak of egg laying was followed by the death of

the older snails. At the end of a breeding period, few

large, old snails could be found, acd tilese were sencrally

infected with ~ediae or sporocysts. Infected snails

appeared to live longer and grow larger than uninfectcd.

The first increase in'infection levels of stri6eoid
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metacercariae in fish occurred in June in 1972 and 1973.

Cercariae emerging from old snails infected the previous ~

year were responsible for this. When the snails reproduced

sufficiently early in the year, tren~tode infections in

the young snails could mature before the '\-later temperature

fell in the autumn. Cercariae from these snails may

have been responsible for a second increase in fish

infection levels late in the summer.

/. , ' ' .
.r),~::e .....< .':;,JY!_':..' "~

. ,



TABLE 26: N~~bers and percentages of Lymnaea peregra, collected at College Mill Trout

Farm during 1972-~973, infected with larval trematodes

Total
No. in

Examined Sample
Infected

Rediae/Sporocysts
Shedding
Anything

Shedding
Strigeoids

C. corn~
Metacercariae

(37) 39.4%

Pond 13 9 May
1972

30 May
1972

14 June
1972

6 July
1972

15 Aug.
1972

8 Sept.
1972

28 Sept.
1972

21 Oct.
1972

Pond 7 15 Feb.
1973

211

257

210

30

89

94

170

171

241

211

257

253

35

219

196

256

290

303

(46)

(18)

(25)

(8)

(8)

(9)

(12)

(17)

(5)

21.8%

7.0%

26.6%

9%

9.5%

(30) 14.2%

(11) 4.3%

(11) 5.2%

(6) 20%

(2) 2.2%

(1) 1%

(5) 3.0%

(4) 3%

o

(14) 6.6%

'(2) 0.8%

(6) 2.9%

o

o

(1) 1%

(1) 0.6%

(3) 2.3%

o

(151)

(122)

(138)

(28)

(20)

(106)

(17)

72%

47.5%

66%

93%

22%

62%

7%

-.. .. ... ~

. ;

-. ~. ~. . '.
.-''''';,-- - ~.. ~ -~ .., .::'. .~ >'~ ,"" "

~~ ....,. '~'.~. ~'''~'': "~~.\ ,>~~ ""~ ~ ;,'" --.~.

.... .' •• ', • ,<' .~ .{::.~.:~.>.

19 April
1973

18 Hay
1973

14 June
1973

Old 9 July
Generation 1973

Old 31 July
Generation 1973

New 9 July
Generation 1973

New 31 July
Generation 1973

36

179

101

61

3

81

117

36

187

107

61

4

150

160

(1)

(11)

(6)

(24)

(3)

(2)

(2)

2.8%

6%

39%

2.5%

1.7%

o

(5) 2.8%

(6) 6%

(5) 8.2%

(3)

o

(1) 0.85%

o

o

o

(1) 1.66%

o

o

o

(1)

(10)

(48)

(39)

(2)

(6)

(7)

2.8%

5.6%

47.5%

64%

7.4%

6.3%

16 Aug.
1973

16 Sept.
. 1973

31 Oct.
1973

135

313

284

149

737

688

(4)

(39)

(39)

12.47.

13.7%

o

(20) 6.4%

(13) 4.6%

o

(1) 0.3%

(3) 1.0"4

(35)

(97)

(117)

26%

31%

41"4

12 Dec.
1973 119 122 (21) 17.6% (6) 5% o (45) 38%



TABLE 27: Numbers of Lynnaea pere~ at College Mill Trout Faro containing mature

strigeoid infections

N~bp.r of snails infected with each strigeoid species

Saq>le Date Apater=lOD Apatemon Cotylurus Diplostcmum Diplostomu.."n
gracilis minor cornutus ga.st~_rostei sp.

9 May 1972 8 6 I~
30 Hay 1 1

14 Ju:le 4 2

S Sept. 1

28 Sept. 1

21 Oct. 3
9 July 1973

1
16 Sept. 1

31 Oct. 3



facing page 196

Fiaure 58 Shell lengths (in O.5mm size classes) of

LYffiBuea ~r~~ra.from College Mill Trout

Farm. Samples were taken from pond 13

during 1972,nnd.from pond 7 during 1973.

The n~~ber of snails in each sample is shown

in parentheses at the foot of each column.

The relative amludance of egg u~sses is

indicated along the bottom of the figure.
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facing page 197

~gure 59 Numbers (=frequency) of L~ae~ l~eregra

of different sizes infected with netacerc­

ariae of Cotylurus £,0rnutus,•.

A) Pond 13, 9 May 1972 sample.

D) Pond 13, 30 ¥~y 1972 sample.

"



B

x
'x

\
-x-x,

____~~~---r:::;,.-..-"O~x___,
e 12 16 20

LENGTH (I MM. SIZE CLASSES)

X-X INFECTED SNAILS

0--0 UN INFECTED SNAILS

8

40 x

A /-
32 - /
24 -

o 4
SHELL

40

F
R
E
Q
u
E
f\J I 6
C
V

i

j

I

I

-F 32­
R
E
Q 24 -
U I
E
N 16
C
V

8

i ,
o . 4 B 12 16 20

SHELL LE:NGTI-I (I MM SIZE CLASSES)



facing page 198

Figure 60 Percentages of Lymnaea EZregra from
. .

College lull Trout Farm infected with

Cotylurus cornutus metacercariae, or

containing mature infections of any sort.

Broken lines ccimee;t samples thought to

represent different generations.
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· facing page 199

.Figu.re 61 Graph of mean numbers of strigeoid

metacercariae. in eyes fro:n samples

of 10 rainbovl trout, removed at intervals

from pond 12 during 1972.
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Figure 62 Graph of mean numbers of strigeoid

metacercariae , in eyes from samples

of 10 rainbow trout, removed at intervals

from pond 5 during 1971.

"
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facing pag~ 201

Figure 63 Water temperatures at the intake lade

of College Mill Trout Farm during 1972­

1973, recorded in the early afternoo~

each day. Each point represents an average

of the values for 5 days.
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CHAPTER 5

J""",alo/lIe1n'inlholoer, Vol. XLVII, No.., 18j3, tf>. 4Ol).4U•

. Observations and Experimcnts on somc I~nrval
Trematodes of Freshwater Snails and Fish from

Southcrn Iceland

, By D.wlD BLAIR

W&llc011le Laboratodes for Experilllellial Parasitology
Ulliversity of Glasgow, BearsJ&u Road, lJearsden, Gla!goUl

During the Gla!'lgow University Iceland Expt"dition in 1D7:!,
freshwater snails and fish in southern Iceland were 5.'\mrletl flJr
larval trematode'>. This survey was prompted by the lack of literntur~
concerning larval trematodes there. Indl'cd, the appnr~nt absence of
liver fluke Fasciola hepatica (1..1758) (rom Iceland, (P.1ISS0Il, lX'r't.
comm.) despite the presence of its molluscan and definitive ho~h Anll
the low summer temperatures, mi~ht lead to the supposition that
climatic conditions are too harsh to permit completion of many
trematode life-cycles. A number of adult trematoMs haY," llC<'n
reported from migratory birds in Icc1:md (Brinkmann 1050), nlthl)ugh
these parasites could have been acquired els('whcl'c. JIow(;:ver.
Crepidostolllllm farionis (Muller, 1781) from the gut of trout and char
in Iceland (Brinkmann 195G) presumably completcli its life c)'tle in
freshwater there, although this has yet to be demonstrated.

MATERIALS AND METlIODS

All field work was done between 14th July and 3rd Au~ust, 1I)7:!.

Freshwater snails were collected by hand, and placed in inl!i\'itlual
tubes of water. After some hours in daylight, the tubes were examined
for emerged cercariae which were classified as far as possibl" In the
field with the aid of a binocular mkro~ope. Live and pre~en-eJ (in
10% formalin) snails were dissected to reveal other lan'al trl.'matool.'s.

Because of its ease of capture, nl>h salT.pling was restricted to th~

3-spined sticklc:back, Ga~terosJells "clIleatlls 1.. Sp<'Cimcns Were
caught with a dip-net. The eYell, sut anI! body cavity of a number of
fish were examined in the flell!; others were pl'caervcd in 10% lor­
malin for laboratory examination.

Some live fish and snails wue brought back to (ilas~ow felr
!Luther study. Laborator)' rais~(l snailg derived lrom a ScoUillh
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Larval Trematodes {rom Iceland

population, and fish caught close to Glasgow, were exposed to
infection Ly placing them in a suspcnsion of cercariae. Trematode
eggs, obtained from an exrerimen tally infected duckling by sioving
homogcnised faeces, were incubated at room temperature. l'rior to
hatching, embryonated eggs were placed in a tank with uninfected
laboratory-raised snails.

RESULTS

During sampling, three species of freshwater snails were found,
namely, SUCCi1Jea groe'JlatJdica (neck), LymtJaea truncalu!4 (Muller),
and L. peregra (Muller).

None of 39 S. grocnlaudica from a trickle of water on clias two
miles cast of Vik I ~Iyrdal shed cercnriae. Dissection of t'\,cnty
specimens yielded no trematodes. Similarly, none of 97 L. trUtJCalula
from pools at the edge of Markar11jotsamlur IS miles north of Storid.dur
shed cercariae. Forty of these snails were dissccted, but no larval
trematodes werc found. Lymnaea pcregra is proLahly the mO$t
ahundant freshwater mollusc 011 Iceland (Uandahl-narth. 1038). It
was a1<;0 the only onc found to harbour trcmatode brvae (Tahles I
and II). Although rcpresentath'cs of se\'eral cercarial grours \Vera
noted from this species (Tc.hle I), only the morphol..'c)· and further
development of furcocercariae was investigated in detail. All thN-c
fureocercariae found were longiCurclltc pharyngeate distomc forms
referable to the family Stris-cidae.

TADI.K I

Numbers or Ly",naea perecra Ahcddinj{ VArious cercariAe

Cercariae shed Locality

bitch nt'.ar FUll\ pond .t 1Iot .prlna'
He)'nlr. IJoMkdur. It

Webt or Vlk Eut of \'lk LandmannllAlljtu lIel.luVlltJl

. Furcoccrca.-la 1
Fllrcoccrcaria 2
l~urcocercaria 3
Unclassified
Furcocercariae
Double Infoct!c.na
(Furcocercariae
plua other)
Echinostomt'~
Mono&tom<:a
Xlph idlocercl\riac
Not Sh..dding
Total

2

~,
3

90

M
IDl

18

8
18

113
166

48
46

J
J

... tu

... UO
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D. BLAIR

I
e,17

41

6

20

4

2
4~

TABU 11
Numbers of dir-sected L. perecra containing Inrval trematode.
Larval Trematodes Locality

Ditch nenr Farm pond at Hot Sprlnltl at
Reynir lkJlstadur Landmannalltusa.r Ilcldu\'atll

Metacercariac
(Echinostomes and/or
Co/yINrU$ eprllu/u$)
Rediae
Rediae plus
Co/ylurll$ (ONlU/UI
Metacercariae
Strigeid Sporocysts
plus
Co/yillrul eonluful
Metacercariae
Sporocysts of
Xipbidiocercarlae
Uninfccted
Total

Furcocercaria 1 has the characteristics of tile ,enus •• pat,,,,o,.
Szidat, 1028, subgenus Australapatmq" Suuarikov, Ill;'!) (sec Ouening,
1000). Other cercariae in this subgenus develop into metacercariae
in leeches (lies, 1000). In an attempt to identify the sc<'ollil inter­
mediate host of furcocercaria J, a small number 01 leeches (I/tlqbJt1l4
stagnalis) were exposed to the cercariae. Although a few cercariae
attached briefly to the leeches, nOlle was seen to penetrl\te, nor were
any sheu cercarial tails seen. No certain iuentification of furcocercaria
1 can be mace on the basis of this study.

A single snail shedding furcocercaria 2 Wa!! found (Table I). TIlls
cercaria is referable to the senus Apalemon, subgenus A1'aJ4mon
Szidat, HJ28, according to the ctiteria of Odenlng (1000). It is vel)'
similar to the cercaria of Apatelno,. cobitiJiJ Unstow ISttO (-A.
gracilis Rudolphi J81O) described by Vojtek (WO'). The latter
possesses four pairs of post-acetabular penetration cland~, whereas
furcocercaria 2 possesses six pairs. No other major difference betw~n
the two was observed.

The identity and life-cycle of this form was established as follo\\'1.
As part of the work to identif}' metacercariae in Icelandic "tickle.
backs, the heads of five fish from lIeidar\'atll were feu to a duckling.
On autopsy after D dars, one worm was reco\'cred from the small
intestine. This was id...ntiCicd as Apaten/oll graeiliJ (Rlldolphi ISIO)
Ly Mr. l\f. T. lIarris of the Dritish Museum (1':l1tural History). J~gg1

obtained from the ducklings' faeces yieU,d miracidia which infcctC'd
laboratory raised Lytll1laea pertgra. Cercariae id...r.tical with furcocer-

--_..... _.

, ,.
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caria 2 were shed from these snails after sevrral weeks. Thrre-spinNl
sticklebacks (Gasteroslms aClilealus) and 10-spined sticklebacks
(Pllngilills p,mgitills [L.]), collected close to Glasgow, were exposed
to the cercariae. Several weeks after exposure, the c)'es of all the G,
aculeatlls were protruding, and contained large motile metacercariae
within the humours, However, none of the P. P'HlC"UUS nor an)' of a
control group of G. a.CIlleatlls contained tlarse forms. Nine weeks after
infection, the eyes of the sole 5uT\'iving G. aClilealus containt'<1 C)'st!
grossly visible in the aqueous humour. These were similar to C)'Sts
seen in the eyes of G. c~c"leatlls from Iff.'idarvatn. No adult worms
were obtained when the head of thi~ fish was fed to a duckling.

It is concludcd that furcocercaria 2 is the cercaria of "'/'altlllOll
gracilis in Iceland, and that the cyst within the e)'es of sticklebacks
there represent the metacercaria.

Furcocercaria 3 resembles that descl'ibe(l for COlyTllrI1I cor,,"lus
(Rudolphi 1808) bySzidat(I02.1) and Dubois (IO~O). Fifteen laboratory
raisrd LY1ll1MCfl peregra were exposed to sc\'eral hundrrd furcoccrcaria
3. Nine weeks later, five of thc snails were frd to a ducklins (A"as
platyrhYllchos). On dissection aftcr [) da)'s, GO adult C. cor"lI/llS wero
found in the last third of the small intestine.

As well as llarbourins cercariae and th"ir precu",'rlt, Jcelanclic
L. peregra contain numerous metaccrcariae (Table II). Sl~menlt of
L. peregra werc used in feerling experiments to obtain adult fiuk...".
Three live snails from Reynir were fed to II li-day-old ducklln/t. At
autopsy 13 daS's later, the small intestine cOlltainl'tl uS l::chilW­
parYPhillm reCflrVal,Hl. (Linstow, 1873), 21 J1ypoderael411J cOlJ/)iJ,,,,,.
(nIoch, 1782), and olle Colylltrlls ,orlllllu$ (l~u.lo1phi, ISOS). In the
caeca were found four NotocatY/lls at/tlluatus (I':ossack, lUll). Two
more ducklings were fed rmpty shdls of L. pcr,g,a from the ditch
near Reynir. This followed the observation that monoslol1le (cr­
cariae, once shrd from the sllail, promptly form C)'bts on the shell.
In both cases, numerous specimens of NOIO':(J/)'lus aU,,,,,al,,. were
obtained frolll the caeca of the duckling~.

The results of field dissections of Icelandic C. a,"Ttal"s are
presented in Table III. All metacercariae founll bclonl: to the
familit's Stri6cidae and DiplostOlllalidae. No detailed morphological
studies were made, although a number of feeding experiments \\'('Ie

carried out.

Two ducklings were each fed five stickleback head" from Hddu­
vatn. After IS l1a)'s, one duckling was autopsied, and three adult
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TABU III

l\fetacercarilu~In Stlcklcbnckl

No. Examined Metacercarlae I~oundLocality·

Pools at edge of
Markarfljot

JIeidarvatn

Frostastadavatn
near
Landmannalaugar

lJ

8

Nono

CYlts (tetracotylc) In
. humourl of ('Y('I.

DiplOltomul1l In retina

J)iplOltol1lula III C)'O lenI
Diplostomulll In retina

No. Infected

None

11
lJ

8
8

flukes of the genus Diplostomum, seusu Dubois, 1070, were reco\'crcd
from the small intestine, Sections of stickleback eyr.3from Jleidarvatn
showed that cliplostomula were localised within the retilllt. Williams
(1900) recorded the metacerC'aria of /)iPloslo",,,,,, gaslerostei Williamil,
lOGO, from this region of the stickll'back eye in Scotland. However,
without further material, it is not considered possible to assign the
Icelandic trematode to this species. Autopsy of the second duckling
at day {) yielded one adult Apalemon gracilis. Egss from this duckling
were used in the experimental completion of the liCe-c)'cle offurcocer·
caria 2 (see abo\'e).

Two 3-month old black headed gulls (Lar"s ridibmufus) faill"\l to
yield flukes when fed with stickleback heads from }:'rostastadavlltll.

In the brains of a few preserved fish from both Jleidarvatn and
Frostastadavatn, diplostomula were found. The identity of these
requires further inv~stigation,and fresh material.

DISCUSSION

Of the three snail species examined, only Lymnaea pcrtgra
contained larval trematodes. The large variety of paraslt~ within
L. peregra in Iceland ref1~cts the pattern of infection of t!.ili 'l>ccics
elsewhere. Probert (100G) observed that L. pcrcgra was tho mO:it
heavily parasitised lymnacid in a Welsh lake. The data in Table 1
indicates that different populations of L. pereera in rc('land are
parnsitiscd in differing degrees. The first two localities on Table I,
near Reynir, and at llolstadur, :ne shallow, static bodies of water
containing a rich valiety of aquatic life. The snail popul:.tions hero
were the most heavily parasitiscd. The dt:gree of infection WIlS IOWtf
in snails from Heidarvatn, an oligotrllphic IAe ~veral hundred
feet above sea level. 111e low incidence of laf\'nltr~'lnntod"s in snail,
from hot springs at Landmannala.ugar is of interest. The tempcr.lture
at which the snail.. live may be excessive for trematode development.



"
}

j

~.....,~--~- - -~ ~--~ ... "

207-

Larval Trematodes lrom Iceland

Tuxen (1044) indicates that L. peregra can withstand temperatures
over 40°C in hot springs.

The presence of cercariae and metacercariae in snails and fish and
the abundance of possible bird definitive hosts is taken as proof that
trematode life-cycles can be maintained in Iceland. Thi~ appears to
be the first report 01 larval trematodes there.

Of the six genera of trematooes obtained during this work, only
two have been recorded prrviously from Iceland, vi~. CCit)'/lIrU!
cornutus and EchilloparypMum "cllrvat,m,. ~fpatettum gracilis,
Diplostotll141n sp., IIypoderaeum co"oide'In' and Notocotylll! attenuatlls
have not been recorded previously.
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GENERAL CONCLUSIONS
, ,.

Although'adult specimens of several species of

strigeoids were obtained (Chapter I), most work was done

on larval stages, since it \1£1S felt (page 37) that these

offer'a greater array of parametors, morphological and

biological, of taxonomic value.

It pro\Tcd possible, and indeed rather simple, to

separate by their lnorphology cercariae of the feur species

of Piplo~tomu~ studied, when material of all four Was

available for comparison. It is probably more difficult

to identify the 'cercaria or a single species on its o~m.
'" .

This applies most particularly to scpnrating the cercariae

of Dip1.os.r,!1mum· phoxini and .!l: eas.teroRt~, \'1hich have the

same resting posture and number of caudal bodies. The

bodies (as opposed to the tail-stems) of all tho

Qiplostomum cercariae are very similar, and considerable

experience would bo needed to distinguish het,,·c<,Hl thcsp..

The most interesting differences betwec:Il strigooid

species were revealed by exposure of fish to cercnrina.

Flalt species appear to differ in thei~ susceptibility to

pettet'ration b:r cercariae of any given otrigeoid. There

was evidence that cercariae will pcnetrnte, or nttempt

topcnetl'ate, any fish they cncountor, and that

SUbsequently some species fail to develop (pages 84 and 108).

Not-! that it is clearer what species oC strigcoidD \-Ie hnve

in Scotland, it would be of interest to determine at

e)::actly which stagt' fish hoot specificity arises. Such

n prograr:rm~ ,,,ould seck to llnt'mer the following questions.
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1) Do cercariae of a given species attempt to penetrate

all fish they encounter?

This could be answered by the direct uuservation of

cercariae in the presence of fish. In vitro studies,

using pieces of fish skin stretched across an aperture

between bo chambers, could also be used. A suspens.ion

of cercariae can be placed in contact with the outside

of the fish skin, and teleost saline on the inside.

Preliminary experiments during this study indicated that

such a system would work.

2) Do cercariae injected into tho body cavity of fish,
, .

thus by-passing the possible barrier of the £kin, survive?

Cercariae could also be injected directly into their

usual site of localisation (i.e. the eye) to ef;tablish

whether they can survive in an 'abnormal' host once they

hove reached their favoured site.

3) Is an immune response by the fish involved?

Cercariae of AEa~cmon grncili~ from snails collected

at College Nill Trout Farm would only experimentnlly

infect trout, although stone loach llnd sticklebacks at

the trout farm were naturally infected. It was suggested

(page 109) that an immune response by the fish ltk'ly be

partly responsible for the failure of most ~. 8rncili~ .

cercariae to establish in sticklebacks, llud may help

dictnte location specificity t)f those that do. Studies

of the immune response by fish against parasites are scanty.

Further work on this topic n13Y provide soma clues aD to

the "nature of host and location specificity of stri&Qold
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metacercariae. '

The immune response in fish is very temperature

sensitive. It is possible tllat low temperatures may

favour tIle establishment of some strigeoids in 'abnormal'

hosts, since the fish \1ould be effectively immunosuppressed.

It would also be of interest to k~ow whether some strigeoid

metacercariae can camouflage themselves with host antigen.

If this proves to be the case, transplantation of

metacercariac from onc fish species to another to test

for strain differences (as done by Hofflium, 1958) would

give misleading results, since metacercariac would

antigenically resemble the original host, and may be

destroyed, even if tranDplanted into another 'nomml'

host species.

4) Are large fish resistant to infection because of tllcir

size (page 109)? ~

This could be' tested by injection of cercariae into

large:> fish at different distances from their favoured

site. One of the practical problems preventing such

work during tbls study \-rllS the lack of a ragulnr aupply

of uninfected fish of uniform size.

There is evidence· that cercariae of a given species,

but from different sources, may differ in thair abilities

to establish in th~ Gamc fiGh host. Although the data

obtained is scanty, it suggests tllat different strnins

or races Inn..y occur in some strlgf.:oid cpccics. Rnco:) of

D. gast;ero~! \"ere obtbi.ned as cercarino from the Forth

and Clyde Caunl, and as lTletacercoriae frotl perch 1n Loch
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Lomond.· Cercariae of each of these r~ces did not infect

the normal fish host of the other (Tables 17, 18 and 19).

It would be useful to establish both these races in

laboratory hosts for further comparative studies. These

could include morphological studies, work on the range of

fish species penetrated by cercariae of each race, nnd

the development of the metacercariae to the adult, both

in vitro and in vivo.. Tho many laboratory aids to

taxonomy could also be employ~d to compare races, including

studies of isoenzyUles, nucleic acid hybridisation, genetic

studies, and antigenic comparisons.

A major problem encountered during thi.s study

concenled the continuous large scale production of

cercariae for experimental work. There were times,

especially during the winter of 1972/1973, when

experimentally infected snails contained many mat\lrO

cercariae, but none of these would emerge from tho snnila.

The, cercari.ae were normal in morphology, and behaved

normally in water if the snail was crushed to release

them. . It was suspected that some aspect of the snail's

physiology was responsible, possibly associated Wi~l tile

.short winter day-length. The effects of trematodes on

their snail hosts have been reported frequently in ~le

literature. The influence,of the diurnal and seasonal

rhythms of the snail on its parasites is an nlmost

virgin field. Studies on photoperiodism nnd all llornlonnl

effects may yield interesting informntion.

Apart from the season of tho year affecting cercarial

production, it was also found that experimentally

infected snails tended to produce rather few cercarinp.
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This made it difficult to produce large n~~bcrs of

freshly shed cercariae at one time for infection

experiments. Inadequacies in the diet of the snail may

have .been responsible for. this.

'The work on strigeoid eggs reported here suggested

that they can develop llnd hatch in most conditions under

which' their snail hosts can survive. Further work on the

eggs could enter the realms of physiology. It was

suggested (Chapter 3) that Diplostomum spnthnceu~ eggs

can develop in the absence of oxygen, nlthough further

confirmation of this would be desirable. If they should

prove to be anaerobes, this would alter soma previoucly

held vie\'1s on trematode eggs (Smyth, 1966 p 72) ..

A two year study is scarcely sufficient to allow

generalisations to be made on the interactions of sonil

and trematode life-cycles (Chapter 4). Valuable data

may be obtained by continuation of such a study over m::my

years. In a situation where snnil-borne diseases arc

of interest to fish farmers and others, the monitoring

of snail populations and their trematodes may allow

prediction of dis£;llse outbrenks. It 1s regretted that,

during this study, regular sllffiples ware taken only from

ponds in a commercial fish farm, where human influences

had to be added to tho factors under consideration.

Prom the point of view of the fich farmer, this study

has established that Q!'p'lostorm.J~ s2q~.lFlc.c.11.:!! is not tho

only strigeoid of economic importance j.n Scottish \<lnters.

The most important pathogens nrc pro~~bly those infecting

the lenses of fish eyes (i.e. O. spnth':lccum end plplostcJIllll!!!

sp.). Attempts to control those should be directed townruD
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elimination of snails, as all the strigeoids studied

have a single host, Lxmnoea percgra, in common. At

College Mill Trout Farm, snails witl1in the rearing ponds

of the farm itself were responsible for most cercariae

in the ponds. Treatment of ponds to kill snails is

straightfo~lard, and is already being carried out. If

done at the appropriate time (i.e. in June, just before

cercariae are first shed), treatment of ponds may prevent

serious disease in tIle fish for the r~st of the season.

Elimination of bird hosts is not to be recommended

either on practical or legal grounds. Even if the naturnl

definitive hosts were known for nIl the strigeoids (llley

are not known for Dtplostomum gnstcroste~ and DtploRtomun\

sp.), destruction of most bird species would be ille~al.

It might prove possible to screen ponds ngainst

contamination with bird faeces, but this would not prevent

miracidia entering with the water supply.
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ApE~ndix 1 Tha strigeoids in the classifications of

La Rue, Sudarikov, and Dubois.



Classification of La Rue (1957)

Order STRIGEATOIDEA La Rue, 1926

Suborder STRIGEATA La Rue, 1926

Superfamily STRIGEOIDEA Railliet, 1919

Families Strigeidae Rai11iet, 1919
Dip1ostomatidac Poirier, 1886
Cyathocoty1idae Poche, 1926
Proterodiplostomatidae Dubois, 1936
nolbocephalodidae Strand, 1935
Brauninidae Bosma, 1931

Supcrfamilics CLINOSTO}~TOIDEADo11fus, 1931
SCHISTOSOMATOIDEA Stiles and lIas5a11,

Suborders AZYGIATA La Rue, 1957
CYCLOCOELATA La Rue, 1957
BRACHYLAlMATA U1 Rue, 1957
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Supers'Ub£amily

Subfamilies

Classification of Dubois (1953, 1964, 1970b)'

STRIGEIDA (La ~uet 1926) Odening, 1960and,1961
name and character amended' ,

Suborder STRIGEATA La Rue, 1926 (=STRIGEIDA' Poch~, ,1926)\%",

Superfamily STRIGEOIDEA Railliet, 1919 I '

Subsuperfamily Strigeoinea ~~bois, 1964
j

Family Strigeidae Railliet, 1919 ~.

Subfamilies Strigeinae Rai11iet, 1919 .', i
Duboisie11inae TIaer, 1938/

SUbsuperfamily Dip1ostomatoinea Dubois, 1964 i
'.

Family Dip1osto~~tidae Poirier, 1886 r .

Subfamilies Diplostoroatinae Hontice11i, 1888' ~ .'
Alari~nae Hall and Wlgdol", 1918 .i

Family Proterodiplostomatidae Dubois, 1936 :
"Supersubfami1y Proterodip1ostomatidi Dubois,'1936

Subfamilies Proterodiplostomatinae ~~bois, 1935
Polycotylinae Monlicelll, 1888 1

Ophiodip1ostornatirli Dubois, 1936;

Opbiodiplostomatinae Dubois, 1936f
Proa1arioidinae Sudarikcv, 1960 £

t
Subsuperfami1y Bo1bocephalodoinea Dubois, 1970 i ,

~ ,

Family Bolbocephalcdidae Strand, 1935 Z
fSUbfamily Bolboccphnlodinac Duboi~, 1936 (,

Superfamily CYATHOCOTYLOIDEA (Dubois, ,1936) Nicoll, 1931.
"

Subsuperfami1y Cyathocoty101nea Du.bois, 1970 Ie

~ ,

Family Cyathocoty1idae Poche, 1926 ' '
(

Subsuperf~~ily Prohcmistomatoinea Dubois, 1970 J

Families Prohemistomatidae (Dubois, 1938) ~..
Sudarikov, 1951 ! .

!nrauni.nidae nosrr.a, 1931 ; ..

CLINOSTOHATA Allison, llJ43 ; ..
SCHISTOSO~~TA La Rue, 1926 f

:
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Suborders

'.

i
•

, .'. ,··1
~, '. l

.1
c, '.I



,,

. ,

f' ~

'..

...~ ':;:~
,. ~," .

..."",>1

,.C,~nssification of Sudarikov (1959, 1960a and h, 1961)
~' \;~

~ 1"~
• J

:,~~der STRIGEIDIDA (La Rue, 1926) Sudarikov, 1959
F·', (... STRIGEIDA Poche, 1926)
'! ~

'"'11:.: 'l;SUborder STRIGEATA La Bue. 1926 (- S'IRIGEOIDEA Ral111ct,
{ . ~ 1919)

~ Supcrfmnily STRIGEOIDEA Rail1ict, 1919 (- STRIGEOINEA
, , F i Dubois)

.f am lies Strigeidae Rai11iet, 1919
.: Dubolsiellidae Sudarikov, 1959,

~ Superfamily nrPLOSTC}~TOIDEA Nicoll, 1937

, I Families Diplosto~tidne Poirier, 1886
hlariidae Tubangui, 1922

,: Bolbocephalodiul:lc Strand, 193~
~ "1

Superfamily PROTERODIPLOSTOMATOIDEA Sud~\rikov, 1959
. , ~

i Families' Proterodiplostomatidac (Dubois, 1?3G)
; Hughes, Higeinbothom {.tnd Clary, 19q2
" Ophiodiploatomatidae Sudarikov, 1960
;Suborder CYATHOCOTYLATA Sudarikov, 1959,

Superfamily CYATHCCOraJOIDEA (Dubois, 1936) Nicoll,
1937

1

J
"

Fmnilies Cyntho~otylidac Poche, 1926
Brauninid~e Bosma, 1931
Prohemistomatid3c Sudo.rlkov, 1961
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NOTES ON APPENDIX 1

A) Dubois (1964, 1970b) has adopted the order n~e Strigcldn

(laRue, 1926) Odp.ning, 1960 and 1961 name and character

amended (=.order Strigeatoldca La Rue, 1926, 1957 ~ p'nrte).

The suffix (-ida) conforms to the endings of the other

order names proposed by La Rue (1957), Dnd to the

propo~a1s of Article 29 (Recommendation 29A) of the

International Code of Zoological Nomenclnture, adopted by

the 15th International Congress of Zoology (published in

1961). The order is also redefined by Dubois (1970b) to

include the three suborders Strigeata La. Rue, 1926,

Clinostomata Allison, 1943, and Schistoso~tn La Rue, 1926.

B) Sudarikov (1959) raised the supcrsuperfnmily Strir.cida

Poche, 1926 to the order rank, proposing tha nnma

Strigeidida for tilis order, and aD a new name for the

order Strigeatoidae La Rue, 1926. He recognises two

suborders, Strigeata La Rue, 1926 and Cyathocotylatll

Sudarikov, 1959. Dubois (1964) considers the

supersupcrfami1y Strigeida Poche, 1926 a s}"tlonym. of the

suborder Strigeata La Rue. 1hus the order Strigcididll

of Sudarikov corresponds wi.th the suborder Strigcata

La Rue of Dubois. Likewise, the suborder Strigeutn

La Rue of Sudarikov c~rrcsponds "lith the supcrfllmi ly

Strigcoidca Railliet, 1919 of Dubois. 'lheso rD.ok

difference3 for analogoun taxa between the clnscificatlons

of Dubois and Sudarikov extend to tht! fluully level nnd

bp.low. The table in this appendix includes Lhe subf£W1Uic!l

only in Dubois' classification.

c) Dubois nnd Sudarikov disagree us to, the status or the
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families Bolhocephalodidae Strand, 1935 and Protero­

diplostomatidae Dubois, 1936. Dubois (1970b) placed the

former family in 0 distinct subsuperfamily, the

Dolbocephalodoineo (Dubois, 1936) Dubois, 1970 (0 taxon

analogous with a superfamily in tlle classification of

SUdarikov, see Note B on previous page). Sudnrikov

(1960b) considered that the Dolbocephalodidae should be

placed in the superfamily Diplostom3toidea, and that

Dubois (1936) had been incorrect in crcatins a separate

suprafamilial taxon for the family. Sudarikov also

proposed to remove the Proterodiplostomatidne to a

separate superfamily (designated Proterodiplostomatoidea

Sudarikov, 1959). This was intended to emphasise the

differences in final hosts between the Protcrodlplost­

omatidae (parasites of reptiles) and tllC Diplo3tomntidne

(parasites of birds and rr~mmals).
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APPENDIX 2

Definitions of the fnmilies Strigeidae Railliot,

1919 and Diplostomatidae Poirier, 1886, with lists of

their genera. Based on Dubois (1968a, 1970a snd b).

An asterisk denotes genera or subgenera for whicll

'life-cycles are wholly or partly known.

Family Strigeidne Railliet, 1919.

Strigeoids; parasitic as adults in birds and mammals;

paraprostate lacking; forebody cup shaped, bearing t\IO

lateral lappets and a holdfast, the two lips of which aro

situated one dorsally, the other ventrally, and separated

bY,a deep slit; proteolytic gland generally distinct,

situated at the junction of the forebody Clnd hindbody;

ovary generally kidney-shDpcd in dorsal view; testes

situated one behind the other, and of various sh~pes;

'known metacercllrille belong to the larvn1 genus Tctrncotyl.~

de Filippi, 1855 parasitisil1g snails, leeches, and all

classes of vertebrates.

Subfamily Strigeinllc Rai1lict, 1919

Strigeidae parasitic in birds as adults; vitelillrill·in

both fore- and hindbody, or confined to hindbody.
, "

Tribe Strigeini Dubois, 1936 ~ Rail1iet, 1919
.

Strigeitllle' ,."ith vite1laria in both fore- and hindbody.

Genera; APhnrVl1Bostrieen""Ciurcn, 1927; Chabnustrigp.q

SUdarikov, 1959; Oehioso~~ Szidnt, 1928; Str1~cn*

Abildgaard, 1790; rarnstri~en* Szidat, 1926.
• • Nt ••

Tribe Cotylurini Dubois, 1936

Strigeini ,lith vitellaria confined to the hindbody.

pencra;Apatcmon Szidot, 1928 (subgenera AEatcmon* Szldat,
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1928; Australapatemo~* Sudarikov, 1959); Cardioccphnlus*

Szidat, 1928; Coty1unls Szidat, 1928 (subgenera ~otvlurus*

Szidat, 1928; ,Ichthl~c.oty1urus~'( Odcning, 1969); ,rcm.'lto­

ptrigea Sandground, 1934; Pseudapatemo~ Dubois, 1936;

Schwartzitrcmn Vigueras, 1941.

SUbfamily Duboisie11inae Baer, 1938

Strigeidae parasitic as adults in mamm31s; vitcl1aria

confined to forebody.

genu~; Duboisiel1a Baer, 1938.

Family Diplostomatidae Poirier, 1886

Strigeoids parasitic as adults in birds or mnmma1s; lackinB

a paraprostatej forebody flattened, leaf-shaped or spatulate,

bearing a ho1dfast of definite shape, with or without n

central cavity, and with the proteolytic gland underlying

it; ovary of various shapes; testes of various shnpcs,

s~nmetrical or asymmetrical; known metacercariae belong

to larval genera Dip1o~tomul~Brandes, 1892 and Nenscu~

Hughes, 1927 parasitic in all classes of vertebrates.

Subfamily Dip1ostomatinae Monticelli, 1888 ~ Poirier, 1886

Diplostomatidae parasitic as adults in birds; vitcllaria

in both fore- and hindbody, or confined to hindbody;

holdfast genp-rally small to mediu:n sized, '-lith a median slit,

and not greater in diameter than half the length of the

forebody; life-cycle without n me50cercnrial stage.

Tribe Diplosto~3tini Dubois, 1936 ~ Poirier, 1886

Diplostom.'ltin~e 'l7ith vitellari.a in fore- llnd hindbody.

Gener~; Dolbophorus:~ Dubois, 1935; Diplostomum von

Nord~3nn, 1832 (subecnera DiElo~tO~l~* von Nordmnnn. 1832;

J.Ylodc1ohys"" Diesing, 1850; ~odiplostor:1Um.Dubois, 1937;
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G1ossodip1ostomoides Bha1erao, 1942;

Szidat and Nani, 1~51; Do1ichorchis*..
Harvardia Baer, 1932; H~steromorpha~'( Lutz, 1931;

Lophosicvndip1ostomum Dubois,. 1936; H~soophorod.inlostomum1r

Dubois, 1936; Neodiplostomu~ Rai11ict, 1919 (subgenera

Neodiplostomum* Rai11iet, 1919; Conodiplostomum* Dubois,

1937); Neoharvardia R. Gupta, 1963; Qrnithodiplostomum*

Dubois, 1936; Posthodiplostomoides~ M.O. Williams, 1969

Posthodiplostomum* Dubois, 1936; fiphinctcrodiplostomtttn*

Dubois, 1936; Procrassiaphiala Ve~a, 1936.

Tribe Crassiphialini Dubois, 1936

Diplostomatinae with vitellaria largely or entirely

confined to hindbody.

Genera; A11odip1ostomum Yamaguti, 1935; Ccrcocotrl~

Yamaguti, 1939; CrassinE,hiala* Van I1aitsma, 1925;

PseudodiplostomtUn Yamaguti, 1934; P1l1vinifcr YOm3guti,

1933; Scolo~citre~1 Sudarikov and Rykovsky, 1958:

SubuvuU.fer Dubois, 1952; Uvulifet;'~ Yamnguti, 1934

Tribe Codonocephalini Sudarikov, 1959

Dip1ostomatinae with vite11aria confined to the hindbody;

aberrant holdfast; progcnetic metacercaria in frogs.

Genus; Codonoccph31us~ Diesing, 1850

SUbfamily Alariinac Hall and Wigdor, 1918

Diplostomatidac purasitic as adults in mammals; Vitellarin

largely or entirely confined to the forcbody, tcnding to

accumulate in the ho1dfast which is often greatly enlnrgcd;

life-cycle includes a mesocercnrial stage.

Genera; J\laria. Schrank, 1788 (subr,cnera Alnrin* Schrllnk,

1788; Parnlarla* Krause, 1914); CvnodiploRtomum Dubois,

1936; p'idelphodiE.lostomum~'r Dubois, 1~41~; Fibrlcoln"':
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Dubois, 1932; Pharyngostornoidcs-/: HarkclIk'l, 1942;

~harynsostomum* Ciurca, 1922; Podospath~l{~ Dubois,

Procvotrema Harkema and Miller, 1958; Prudhoclla

ncvcrly-Burton, 1960.

1932;

. "
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APPENDIX 3

Definitions of strigeoid larval genera - from Hoffnun (1960).

larVal genus Diplostomulum Brandes, 1892

1) Forebody foliaceous. concave ventrally.
,

2) Ilindbody n small conical promincmce on the postcro-

dorsal part of the forebody.

3) Reserve excretory system of more or less definitely

arranged tubules with calcareous corpuscles, round

or ellipsoidal, disposed in vesicles at termini of

small br£lnches.

4) Usually a pair of lateral pseudosuckers on the antero­

lateral edges of the forebody, beside tho oral sucker.

5)' No true cyst of parasite origin (except in polboE~~rt19

p.onfusus (Krause, 1914) and in Dolichorc.his sPP.).

6) Known adult species belong to the family Diplostorr~tid~e

Poirier, 1886.

Lorvnl genus Tetrncoty~ de Filippi, 1855

1) Forebody oval or ovate-oblong in contour, and relatively

thick, concave ventrally, or cup-shaped.

2) llindbody a short rounded prominence at posterior cnd

of forebody, sometimes incospicuous.

3) Reserve excretory system a large continuous space

occupying dorsal and lateral regions of the forcbody,

,·11th a sheet-like extension into the ventral lip of the

anterior suctorial pocket; smnll bodies in reserve

excretory vessels, 1lk"\inly in tha nntnrior part of tha

''1orrn.
4) A pair of lateral pseudosuckers on anterolateral edge

beside orlll sucker.
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5) A true cyst of parasite origin.

6) Known adult species belong to the family Strigeidne

Rai11iet, 1919.

Larval genu~ Nenscus flughes, 1927

1) Forebody much like Diplostomu1\nn.

2) Hindbody more extensively developed thon in

Diplostomulum.

3) Reserve excretory system more extensively developed

; than in Diplostomu1um; with calcareous corpuscles

, not confined to termini of small branches, which do

not end blindly, but constitute anastomoses.

4) No' lateral pseudosuckers.

5) Generally encysted with true cyst of parasite origin.

6)' Known adult species belong to the family

Diplostomatidac Poirier, 1886.
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APPENDIX 4

Diagnoses, where available, of those genera and species

listed in Chapter 1. Based on Dubois, 1968a, 1970a

Niewiadomska, 1971aand Odening, 1969.

t'" 1

Genus Apatcmo~ Szidat, 1928

Coty1uiini ",ith bisegmcnted body; pharynx present;

forebody'various1y cup-shaped, lacking lateral extensions,

small multilobed proteolytic gland, lacking vitellarin.

Hindbody' sac-shaped, subreniform or subcylindrical;

generally curved and lacking a eo11or, separated from

the forebody by a constriction. E1lipsoidol or reniform

ovary in the anterior 2/5 ths. of the hindbody; testes of

various 'shapes and generally oriented obliquely, rl1llY bo

bi- or trilobed (with the lobes directed anteriorly) or

crultilobed. Copulatory bursa of medium size, with n

terminal opening containing a genital cone nt the baso of

which thc't1terus and ejaculatory duct unite to form the

hermaphroditic duct.

Subgenus Apnternon Szidat, 1928

f\patemon 't'lith poorly developed genitn.l cone traversed

by a narrow, straight, hermaphroditic duct with little

associated ,musculature. Cercariae \-lith rudimentary gut

caeca; six, eight, or more postscetllbular penetration

gland cells. Excretory formula 2[(2)+«2)+(1»]- 10;

postncetabulnr excretory co~nissure; metacerc~ri~c In

fishes.

Apatemon (~.) gracilis" (Rudolphi, 1819) Szidnt, 1928

Length to 2.3 rom. Forebody (350-700/250-540 ~m);

hindbody (600-l800/200-600~m) separated from the Corobody
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by a distinct constriction; tapering towards the rear.

Ratio hindbody/forebody length" 1.9"'"3.0. Oral sucker

terminal (85-180/70-140 ~m), followed by a small pharynx

(45-80/40-80 ~); ventral sucker postequatorinl (100-255/

90-245 ~m). Ovary oval (70-130 ~m long), situated in hind­

body between 22 and 40% of the length of the hindbody•

. Testes possess two large lobes directed antero-dorsally,

and occupy the second or third quarters or the third and

fourth fifths of the hindbody, first testis oriented

obliquely (170-380 ~m long), second longer (190-435 ~m long).

Vitellaria most dense ventro-laterally 1n hindbody,

especially anterior to the ovary, but reaching almost to the

posterior of the body. Copulatory bursa rather smnll, with

a terminal pore lacking a. distinct muscular sphincter;

genital cone small (210/150 ~m), traversed by n narrow

hermaphroditic duct•.

Subgenus Australapatemon Sudarikov, 1959

AEntemo~ with well developed and muscular genital
cone, traversed by a muscular, and often convoluted,

llcrmaphroditic duct. Cercaria with gut terminating in

two long caeca. Eight (rarely six) postacetnbulnr

penetration gland cells. Excretory forrr~la

2[(2)+«4)+(1»] - 14; with one or two ~xcretory corom­

issures. Hetacercariae in leeches.

AEatcm~ (Au~tralaEate~on) mino~ Y~~gutl, 1933

Length to 2.5 rom. Forebouy (250-870/280-630 ~un);

hindbody (540-1730/250-670 ~m), separated from the

forebody by a distinct constriction. Ratio hindbody/

forebody length • 1.4~2.6. Oral sucker te~inal or

subterminal (80-145/60-130 ~lm), followed by a much
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smaller pharynx (40-65/33-65 ~). Ven~ral sucker

equatorial or postcquatorial (92-198/80-198 ~m). Ovary

oval, (66-135 ~m long), situated in hindbody bctween

: 13 and 28% along the length of the hindbody. Testes

lobed, occupying the second and third quarters of the

hindbody; first testis oriented obliquely (99-306 ~m long),

the second a'little longer (130-408 ~m long). Vitellarin

extend ventrolaterally in the hindbody from the junction

of the t\'10 segments, but do not completely mask the genital

cone. Copulatory bursa of medium size, with a distinct

but small genital cone (150-260 ~m long). lIertn:Jphroditic

duct broad, and transversely folded when the genital cone

is retracted.

Genus Cotylurus Szidat, 1928

Cotylurini with bisegmented body; pharynx present.

Forebody variously cup-shaped or hemispherical, lacking

lateral extensions; Proteolytic gland poorly developed

and rather diffuse; forebody may contain a few vitellnria.

Hindbody variously cylindrical, lacking a collar, and

separated from the forebody, to which it is often atcached

excentrically, by a distinct constriction. Ellipsoidal

: or reniform ovary situated in the anterior half of tho

hindbody~ Testes may be trilobed with the lobes directe.d

posteriorly (one dorsal and two lnternl), or multiloced.

Copulatory bursa' of mouerate size with a subterminal

dorsal pore; genital cone absent, but n genital ~Jlb

present, at the base of which the g~nital ducts emerge

dorsally into the copulatory bursa.

Subgenus'Cotylnrus Szidat, 1928

Testes with three lobcs. Cercari3c with t\-lO pnira
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of preacetabular penetration gland cells. Flame cell

formula 2[(2+2)+«2+2)+(2»] - 20, preacetabular excretory

cOlmnissure present. Metacercariae in sn3i1s nnd leeches.

Cotyluru~ cornutus (Rudolphi, 1808) Szidat, 1928

Length to 2.75 rom. Forebody hemispherical to cup­

shaped, broader than long (300-720/340-800 ~), or mny be

globular in n atnte of contraction. Hindbody (900-2100/

380-740 ~m), attached excentrically to the forebody, from

which it is separated by n distinct constriction; maximum

diameter at lev'el of testes, slightly tapered posteJ:ior to

these. Ratio hindbody/£orebody length" 2.4-4.4.

Qral,sucker marginal (65-155/65-140 ~m), much smaller than

the equatorial or postequatorial ventral sucker (100-200 ~).

Pharynx (45-110 ~m). Ovary spherical or oval, situnted

in the hindbod}r between 16 and 34% along tho length of tho

hindbody. Testes rather large and trilobed, lobes directed

posteriorly; first testis (225-500 ~m long), second testis

(270-570 ~m long). Vitollaria entirely confined to the

ventra-lateral region of the hindbody, extending posteriorly

to tllC beginning of the copulatory bursa. Copulatory bursa

of medium size, containing a geuitnl bulb.

Subgenus Ichthyocoty;lurus Qdening, 19G9

Testes trilobed or multilobcd. Cercariae with two

pairs 'of postncetabular penetration gland colIs. Excretory

fOl~ula 2[(2+2)+«2+2)+(2»] • 20, preacctabulnr excretory

cOllill1issure. Hetaccrcariae in fishes.

Catylurus (Ichthyocotvlur.us) vario~ctus (Crcp~in, 1825)

SZidut, 1928, Sl!nSll Qdcning £md Dockhardt, 1971.--
No dingnosis aV£1ilnblc from the litcr::tture.

..
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Genus Diplostomum von Nordmann, 1832

DiplostOtllatin!, \'1i th the body bisegmented to £l

greater or lesser extent; anterior extremity bears

lappets; holdfast circular or (more rarely) elliptical in

outline, with a median slit. Ovary anterior to testes.

Shape and structure of testes varying between subgenera.

Metacercariaa of the larval genus Diplostomul\lm Brandes,
1892. '

Subgenus Diplostomum von Nordmann, 1832

Di~lostor.nun with distinctly bisegmentcd body; first

testis asyrr.metrical; copulatory bursa lacking a genital

cone. Cercariae posses four pairs of postncetabular

penetration gland cells. Calcareous bodies in tho reserve

excretory system of the metacercaria nrc spherical in

shape. Metaccrcariae in fish llud cyclostomes.

Diplostomum (Q.) spathacctID\ !Enthnceu~ (Rudolphi, 1819)
Braun, 1893

Length to 4.45 nun. Forebody flattened, oval or

elliptical in outline' (600-1800/270-960 ~), broadest at

the level of the holdfast; anterior extremity trilob~d,

bearing the oral sucker and lappets. Uindbody (500-3220/

190-720 ~m) attached to the forebody close to the posterior

edge of the dorsal face of the latter, rather n<trrow at

thi.s junction, but broader toward tho testes. Ratio

l1indbody/forebody length • 0.66-2.62. Pharynx elliptical

(16-91/10-75 ~lm), often similar in length to the oral suckor

(20-100/20.. 104 ~tn). Ventral sucker larger (23-110/
20-140 ~Lm), slttUlted bet,..,een 47 llnd 60% along tha length

of the forebody. Holdfast circular or elliptical in

outline (55-450/33-390 ~m), often sliglltly protnlding;

bilobcd proteolytic glanu lying under 'posterior extremity



I
I

228

~fholdfast. Ellipsoidal ovary (20-255/23-235 ~m)

situated laterally in hindbody between 25 and 58% along

the length of the hindbody. Testes concave ventrally,

situated in' the fourth and fifth sixths of the hindbody;

first testis asymmetrical (40-460/50-650 llm), and the

second bilobed (40-485/50-650 ~m), occupying the entire

width of the body. Vitellaria occur in the fore body to

the anterior edge of the holdfast, but .:lre most dense in

'the hindbody. Copulatory bursa small ,·lith II subterminal

pore. '

Piplostomu~ (Q.) phoxini (Faust, 1918) Arvy and Duttner. 1954

Length to 1.42 rom. Forebody elliptical, (320-700/

300-600 ~Lm), often deeply conco.ve ventrn1ly. Anterior

extremity trilobed, bearing the oral sucker and'lappets.

Hindbcdy (290.720/220-400 ~m) short snd cylindrical or

:mbconical, recurvcd dorsally, and

often slightly shorter tl1an the forebody, from which it

is separated by only n slight constriction. R~tio

hindbody/forebody length ~ 0.60 - 1.03. Pharynx

ellipsoidal (48-70/31-45 Ilm), slightly shorter than

the oral sucker (50-72/40-80 ~m); vcntr.:ll sucke=

(.50-80/70-96 ~rn) situated between 50 and 66% along the

length of the forebody. I101dfast circular in outlino

(90-180/90-160 ~m). EllipRoidal ovary, medinn or sub­

median, situated at the junction of the sCt.'filents. Testes

occupying the first half or two-thlrds of thn hlndbody;

first testis llsymmetrical (54..190/125-220 ~m)t tho

second bi.lobed, (md concave ventrally (72-300/180-360 llm).

Vitellaria abundant in the forebody, Dnll often cxt~ndlnS

anterior of the ventral sucker; le::ls ubumJunt in tho

hindbody. Copulatory bursa sltlll11 \-lith l\ subterminal pore,

and a musculat4 wall.
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Diplostomum (Q.) gasterostei Williams, 1966
, "

J Dubois (1970a'p 310) considers the diagnosis for

~. phoxini to suffice for this species also. HO\'1Cver,

specimens of Q. gBsterostel obtained in this study

greatly exceed (Table 6) the dimensions quoted by Dubois

for Q. phoxini'.

, " ' The copulatory bursa of n. gastcroste! lacka the

muscular wall reported for Q. Ehoxini (sec Dubois, 1970a

p 310).
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